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4 October 1968. 


2. This handbook has been prepared for use by engineers, designers ard 
technicians and is intended to serve as a guide and not as a catalog of 
military synchros. Other documents are available which describe each 
synchro type fully and in detail. The information contained in this 
manuscript applies equally well to commercial synchro types. 


3. Beneficial comments (recommendations, additions, deletions) and any 
pertinent data which may be of use in improving this document should be 
addressed to: Commanding Officer, Naval Air Engineering Center, 

Engineering Specifications and Standards Department, Code 53, Lakehurst, NJ 
08733-5100, by using the self-addressed Standardization Document : 
Improvement Proposal (DD Form 1426) appearing at the end of this document or 
by letter. 
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FOREWORD 


The need for synchros became apparent when work was to be done at a 
location remotely situated from its control station. The original 
mechanical system of shafts, gears, belts and pulleys was impractical in 
these situations. The major types or classes of synchros developed to fill 
these needs are: torque synchros, control synchros, induction 
potentiometers (linear synchro transmitters), and resolvers. This latter 
type may be considered as a separate entity; therefore, MIL-HDBK-218 has 
been prepared to cover their description ard applications. It is 
sufficient to say that a resolver is a precision synchro used for 
coordinate transformation, resolution of vectors into components, and 
conversion of rectangular to polar coordinates. Encoders have been 
developed to convert analog functions into digital language for input into 
digital computing devices. However, synchros continue to be used wherever 
analog computers or computations are desirable. 


Applications shown are merely representations. The mounting methods and 
accessories described have been developed after long periods of research. 
They have passed the time-proven test of service in the field. 


The text of this handbook has been prepared with no reference made to 
specific synchros. The reader is directed to the Department of Defense 
Index of Specifications and Standards (DODISS) for information relating to 
either the General Specification covering synchres, MIL-S-20708, or its 
associated specification sheets. The preferred types of synchros are 
listed in the latest issue of MIL-STD-710. 


The following aspects of synchros are described herein: 


Basic principles underlying synchro design 
Construction 

Characteristics of the various types 
Applications 

Synchro accessories 

Method of mounting 

Standard connections 

Zeroing techniques 

Troubleshoot ing 

Miscellaneous 


Vero Ao oo Ow 


Each type or class of synchro will be covered in detail, but first, 
properties and characteristics common to all types will be discussed. Some 
basic principles of electricity and magnetism will also be reviewed. 
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MILITARY HANDBOOK 


SYNCHROS 
DESCRIPTION AND OPERATION 


This handbook is approved for use by all Departments and Agencies 
ef the Department of Defense. 


1. SQOPE 


1.1 Purpose. This handbook is intended as a guide for use by military 
personnel concerned with the use, interchangeability, maintenance and 
repair of synchros, and the design of weapons systems. 


1.2 Scope. This handbook contains the physical and functional 
descriptions of synchros. 


1.3 Classification. Synchros have been developed to satisfy various 
needs and are classified in several broad categories according to their 
intended function, as listed in Table I. The input, artput and military 
abbreviations of each type are also included in Table I. Brief definitions 
of each category are given in section 3. More complete descriptions are 
provided in section 4. 


1.3.1 Synchros. Synchros resemble small electric motors. 
Electrically, they are transformers whose primary-to-secondary coupling can 
be varied by physically rotating one winding inside the other. 


1.3.1.1 Symbols. In this publication, synchres are represented 
schematically by the symbols shown on Figures 1 and 2. The symbols on 
Figure 1 are used when it is necessary to show only the external 
connections to a synchro, and the symbols on Figure 2 are used when it is 
important to understand the physical relationships between the rotor and 
stator. The small arrow on the rotor indicates the angular displacement of 
the rotor. 


1.3.2 Synchro systems. Synchro systems consist of two or more 
interconnected synchros, plus auxiliary units such as synchro capacitors 
and trouble indicators where required. 


1.3.2.1 Two types of synchro systems. Systems which provide a low- 
power mechanical output sufficient to position indicating devices, actuate 
sensitive switches, or move light loads without power amplification are 
known aS torque systems (see Figure 3). With such a system, accuracy in 
the order of one degree is attainable. On the other hand, where large 
terques or high accuracy are required, control type synchros are used. In 
these systems, a voltage is transmitted for conversion to torque through an 
amplifier and a servancter, as shown on Figure 4. Control systems provide 
an electrical output and are widely used as follow-up links and error 
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detectors in servo, automatic control, systems. Quite often, ane system 
will perform both terque and control functions. Individual units are 
designed for use in either torque or control systems. Some torque units 
May be used as control units, but control units cannot replace torque 
units. 


1.4 Basic principles. 


1.4.1 Magnetism. A brief review of the principles of magnetism is 
- included here because synchros are electramagnetic devices. 


1.4.1.1 Magnet types. A magnet is a body which has the power of 
attracting iron, steel, cobalt, nickel and certain other metals. One form 
_ of iron oxide, called magnetite, exists as a magnet in its natural state. 
This natural magnet was first known as lodestone, or leading stone, because 
of its directional property. When suspended and free to move, a magnet 
will assume a nearly north-south position. Bodies made magnetic by some 
process are called artificial magnets. Artificial magnets possess the same 
power of attraction and directional property as natural magnets. In the 
balance of these discussions, reference to a magnet is intended to mean an 
artificial magnet. A permanent magnet is one which retains its magnetism 
over a long period of time, while a temporary magnet quickly loses its 
magnetism when the magnetizing force is removed. Surrounding a magnet is an 
area in which its attracting power exists. Theoretically, this area, called 
a magnetic field, is infinite; but the field is usually apparent only in the 
close vicinity of the magnet. Magnets come in many shapes, a one of the 
most common is the bar magnet (see Figure 5). 


1.4.1.2 Poles. The end regions of a magnet are knowm as poles. The 
end pointing toward geographic north is called the north-seeking or simply 
the north pole, and the other is called the south-seeking or south pole. On 
Figure 5 the broken lines represent the lines of force which make up the 
magnetic field. These lines of force are directional, radiating from the 
north pole of the magnet, passing through the surrounding medium, and re~ 
entering the magnet at.the south pole. Field strength is greatest near the 
poles, where the lines of force are more concentrated. 


1.4.1.3 Magnetic attraction amd repulsion. If two magnets are close 
enough, their fields interact and the magnets, when free to move, change 
position. If the lines of force, and hence the fields, are in the same 
direction, they tend to combine and pull the magnets together. Figure 6 
shows two bar magnets with unlike poles close together, with the resultant 
attraction. Figure 7 shows the bar magnets placed with like poles close 
together. The lines of force are now in opposite directions, and the 
fields repel each other, pushing the magnets apart. The strength of 
attraction or repulsion (1) increases as the pole strengths increase, (2) 
decreases as the distance between the poles increases, and (3) depends on 
the medium through which the lines of force pass. A magnetic field passes 
more easily through some materials than others. Permeability is the 
Measurement of ease with which a substance passes a magnetic field, as 
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compared to its ease of passage through air or a vacnm. If the lines of 
force encounter more resistance (magnetic opposition) in passage through a 
material than in passage through air, the material is referred to as 
diamagnetic. Materials more magnetizable than air are called paramagnetic. 
Such diamagnetic materials as tin, gold, copper, silver, zinc ard lead are 
actually slightly repelled by a magnet. Paramagnetic materials are 
attracted slightly, except the class known as ferromagnetic (iron alloys, 
nickel, and cobalt) which a magnet attracts strongly. 


1.4.1.4 Interacting mametic fields. ‘Two or more interacting magnetic 
fields produce one resultant field. Figure 8 shows three magnets with 


interacting fields and the single field produced. 


1.4.1.5 Molecular arrangement. In an unmagnetized body, the mlecules 
(actually tiny magnets themselves) are not aligned in any particular manner 
with respect to each other. By stroking an unmagnetized piece of iron or 
steel] with a magnet several times in the same direction, the molecules are 
arranged so that the piece of iron or stee] becomes magnetized. Figure 9 
shows the molecular arrangement before and after magnetization. A body may 
be magnetized without actually being touched by a magnet. Magnetism 
produced without physical contact is called “induced magnetism". 


1.4.2 Electromagnetism. In any electrical circuit, the flow of 
current through a conductor produces a magnetic field around that 
conductor. Figure 10 illustrates the right-hand rule for determining the 
direction of the magnetic field produced. The thumb indicates the direction 
of current flow and the fingers indicate the direction of the field. If 
the conductor is coiled, the lines of force combine and the coiled wire 
becomes a magnet. Figure 11 shows such a coil, commonly called a solenoid. 
Here the magnetic polarity is determined by grasping the coil in the right 
hard so that the fingers indicate the direction of current flow. ‘The thumb 
then points to the north pole of the coil's field. 


1.4.2.1 Strength of an electromagnet. With a soft iron core inserted 


inside the coil, the lines of force become more concentrated and the 
solenoid becomes an electromagnet. A magnetic field exists only while 
current flows through the coil; if the current flow is reversed in 
direction, the magnetic polarity also reverses. The strength of an 
electromagnet deperds upon the muober of tuuns of wire in the coil and the 
quantity of current flowing. Above a saturatian point, no increase in 
either the mmber of wire turns or the arent flow will increase the 
strength of an electromagnet with a given core. 


1.4.3 Positioning a permanent macnet with electromamets. First 
consider a permanent bar magnet mounted on a pivot near an electromagnet, 
as on Figure 12. When the electramagnet is not energized, the bar magnet 
is free to turn. With a voltage applied to the electromagnet, the bar 
magnet assumes a position dependent on the polarity of the electromagnet. 
A given pole of the electromagnet attracts the unlike pole of the bar 
magnet. The bar magnet turns on the pivot to align itself so that its 
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south pole is nearest the north pole of the electromagnet. If the 
electromagnet reverses polarity, the har magnet will again pivot, placing 
the north pole nearest the electromagnet. 


1.4.3.1 Using two electromagnets. Figure 13 shows two electromagnets 
placed at right angles to each other near the pivoted bar magnet. As the 
polarity of the applied voltage changes, the bar magnet assumes the 
indicated positions. On Figure 13(A), the side electromagnet is not 
energized, and the top one has maximm effect on the bar magnet. On Figure 
13(B), both electromagnets have equal effects. On Figure 13(C), the 
polarity of the voltage applied to ‘the side electromagnet has changed, and 
the position of the bar magnet has changed accordingly. On Figure 13(D), 
the top electromagnet is de-energized, and the left-hand electromagnet has 
full effect. If the supply voltage to one of the electromagnets is made 
variable, so that its strength may be increased or decreased, it is 
possible to position the bar magnet at angles other than the 45-degree 
intervals shown on Figure 13. Figure 14 shows a lesser voltage applied to 
the top electromagnet, allowing the side electromagnet to have more effect. 
This positions the bar magnet at some intermediate angle which, in this 
case, is 300 degrees. If the strength of each electromagnet is made 
independently variable as on Figure 15, the bar magnet can he made to 
assume any angular position through 360 degrees. 


1.4.3.2 Using three electromagnets. For the closest approach so far 
to actual synchro operation, consider three electromagnets connected as 
shown on Figure 16. If a voltage is applied between one coil and the other 
two, the bar magnet assumes one of the positions shown on Figure 17. The 
bar magnet can also be positioned by applying a voltage between any two of 
the three coils as shown on Figure 18. If a fixed voltage is applied 
between two coils, and a variable voltage to the third, as on Figure 19, 
the bar magnet assumes some position between 0 and 60 degrees, depending on 
the relative voltage amplitudes. Applying the proper combination of 
voltages to the three coils turns the bar magnet to any desired position. 


1.4.3.3 Using AC instead of DC. In all previous examples, DC voltages 
have been applied to the electromagnets. Since synchros operate on AC 
rather than DC, consider what happens if AC is applied to an. electromagnet. 
In standard military synchros, the frequency of the AC is usually either 60 
.or 400 hertz. During one cycle, the voltage amplitude goes from zero to 
maximm positive, back to zero, then to maximm negative, and finally back 
to zero. 


1.4.3.3.1 Polarity. Since the polarity reverses twice during one 
cycle, the number of times the magnetic polarity reverses each second will 
be twice the excitation frequency. With an AC voltage applied to a coil, 
as in an electromagnet, the current does not reverse at exactly the same 
time as the voltage; however, to simplify following discussions, it is 
assumed that it does. Since the polarity of an electromagnet depends on 
the direction of electron flow, the, bar magnet is attracted in one 
direction during one half-cycle ard in the other direction during the next 
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half-cycle. Because of its inertia, the bar magnet cannot tum. rapidly 
enough to follow the changing magnetic field. 


1.4.3.3.2 Using electromagnets. If the bar magnet is replaced with an 
electromagnet, the same results are accomplished as when DC was used 
previously. On Figures 20(A) ard 20(B), the voltages applied to both coils 
are reversed at the same time, so that the magnetic fields (direction 
indicated by arrows) reverse at the same time; under these conditions, the 
electromagnets are mutually attracted. On Figure 20(C), the connections to 
the coils are reversed; the lower magnet would turn if it were free to do 
so. The lower magnet is free to turn on Figure 20(D) and positions itself 
so that the magnetic fields are al] in the same direction. 


1.4.4 Phase relationships. In considering two or more AC quantities, 
voltage or current, it is sometimes necessary to compare i 
polarities. If one voltage is positive or negative in respect toa 
reference voltage (usually zero), it means nothing unless the specific time 
is stated when that condition exists. For purposes of this discussion, it 
is necessary to compare only two AC voltages. If the voltages vary so that 
both are maximm positive at the same time ard both maximm negative at the 
same time, they are referred to as being in phase. If one of the two 
voltages is maximm positive when the other is maximm negative, they are 
opposite in phase or 180 degrees out of phase. Figure 21 illustrates the 
relative phases of three AC voltages. The arrows indicate relative phase. 


1.4.4.1 Effective value. There are other phase relationships as well 
as in phase and 180 degrees out of phase, but they are not discussed here 
because the AC voltages in synchros are either in phase or 180 degrees out 
of phase with each other. The meters shown on Figure 21 indicate an 
apparently constant voltage rather than the actual variations shown in the 
graphs. Like the bar magnet, the meter cannot follow the rapid changes in 
polarity. It is common practice to calibrate AC voltmeters to read the 
effective value (the value of AC voltage which produces the same heating 
effect as a same value constant DC voltage), although some meters are 
calibrated to read peak values. Only effective values are treated in these 
discussions. 


* NOTE * 


A synchro is not a three-phase 
device. In three-phase devices, the 
three voltages are equal in 
amplitude, but 120 degrees apart in 
phase. 


1.4.5 Transformer theory. An AC source connected to a coil causes the 
magnetic field around the coil to fluctuate. A second coil placed in the 
vicinity of the energized coil has an AC voltage induced in it. ‘Two or 
more coils so arranged form a simple transformer as shown on Figure 22. The 
energized winding is referred to as the primary, and the winding in which 
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the voltage is induced is referred to as the secondary. The voltage 
induced in the secondary is dependent upon the transformation ratio, the 
voltage applied to the primary, ard the physical orientation of the coils. 


1.4.5.1 fe tion ratio lied voltage. The ratio of the 
secondary voltage to the primary voltage is called the transformation 
ratio, Figure 23 shows a transformer with a 25-turn secondary and a 50- 
turn primary. In a perfect transformer, this 1-to-2 ratio would provide an 
equal transformer ratio (0.5) and the secondary voltage would be 57.5 
volts. Losses inherent in all transformers require that the secondary-to- 
primary turns ratio be greater than the transformation ratio. If the 
transformation ratio and primary voltage are known, multiply one by the 
other to obtain the secondary voltage. As an example, if a transformer 
with a 115-volt primary has a transformation ratio of 0.78, the secondary 
voltage is approximately 90 volts. 


1.4.5.2 Physical position of the coils. With the primary and 
secondary coils positioned so that their axes are parallel, maximm linkage 
exists, and the induced voltage is maximum. The induced secondary voltage 
will decrease if the angle between the primary and secondary axes is 
changed from zero degrees. On Figure 24, the primary is pivoted and the 
secondary is stationary. As the primary is turned, the secondary voltage 
changes. On Figure 24(A), the voltage from C to D is maximm and in phase 
with the voltage from A to B. At 45 degrees (Figure 24(B)) the voltage is 
reduced. With the coils at right angles (Figure 24(C)), no voltage is 
induced. As the coils pass the 90-degree relationship (Figures 24(D) and 
24(E)), the flux linkages are reversed and the voltage from C to D is 180 
degrees out of phase with the voltage fram A to B. The graph (Figure 
24(F)) shows how the voltage and phase relationships change as the primary 
is rotated. ‘The secondary could be turned and the same effect produced. 
Regardless of which winding rotates, or if both rotate, the angle between 
the windings determines the induced voltage. 


1.4.5.2.1 Example of one primary coil and three secondary coils. 
Consider a transformer with one primary coil and three secondary coils 
connected as shown on Figure 25. When AC is applied to the primary, the 
voltages induced in each secondary coil depend upon the position of that 
coil in respect to the primary. If the primary is made rotatable, it my 
effectively be considered a synchro transmitter. The actual principles of 
operation for all synchros are covered in subsequent paragraphs. 


1.4.5.3 Operating frequency. 
* CAUTION * 
Transformers and synchros are designed for use 
on a specific frequency and should never be 


Operated on other frequencies because serious 
damage may result. 
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The rate at which the field fluctuates is determined by the frequency of 
the applied AC, and a different rate of change causes a change in the 
induced voltage due to changes in losses. If two transformers of equal 
power-handling capacity are designed to operate on different frequencies, 
the one designed for the higher frequency may be made the physically 
smaller of the two. There are rare applications whereby 400 hz synchro 
transmitters do supply control transformers designed for 60 hz. 

2. REFERENCED DOCUMENTS 

2.1 Government documents. 

2.1.1 Specifications and standards. The following specifications and 
standards form a part of this document to the extent specified herein. 
Unless otherwise specified, the issues of these documents are those listed 
in the issue of the Department of Defense Index of Specifications and 
Standards (DODISS) and supplement thereto, specified in the solicitation. 
SPECIFICATIONS 

MILITARY 

MIL-S-20708 Syncnros, General Specification For 
MIL-S~81746 Servtergs, General Specification For 


(See Supplement 1 of MIL-S-20708E for list of applicable specification 
sheets.) 


STANDARDS 
MILITARY 


MIL-STD-710 Synchros, 60 and 400 Hertz 


MS17183 Clamp Assembly (Synchro) 

MS17186 Washer, Drive (Synchro) 

MS17187 Nut, Plain, Hexagon 

MS35275 Screw, Machine-Drilled Fillister Head, Slotted, 
Corrosion-Resisting Steel, Passivated, UNC-2A 

MS35276 Screw, Machine-Drilled Fillister Head, Slotted, 
Corrosion-Resisting Steel, Passivated, UNF-2A 

MS35338 Washer, Lock-Spring, Helical, Regular (Medium) Series 

MS90393 Straight Pinion Wrench 
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STANDARDS 
MILITARY 
MS90394 - Pinion Wrench, 90° 
MS90395 _ Socket Wrench 
Ms90398 Zeroing Rings 
MS90400 Clamping Discs 
MS90401 Adapter Assemblies 


2.2 Order of precedence. In the event of a conflict between the text 
of this standard and the references cited herein (except for associated 
detail specifications, specification sheets or MS standards), the text of 
this standard shall take precedence. 


2.3 Source of documents. 


2.3.1 Government specifications and standards. Copies of the 
referenced military specifications and standards are available from the 
Standardization Documents Order Desk , Bldg. 4D, 
700 Robbins Avenue, Philadelphia, PA 19111-5094. For specific acquisition 
functions, these documents should be obtained from the contracting activity 
or as directed by the contracting activity. 


3. DEFINITIONS 


3.1 Definitions of synchros and synchro system types. 


3.1.1 Synchros. Synchros are basically transformers in which the 
coupling between the primary and secondary windings may be varied: This is 
accomplished by designing the windings in the form of a stator and rotor, 
respectively, of a motor-like device. Figure 26 is a cutaway view of 
typical synchros. This definition may be expanded to state that a synchro 
is an electromechanical device which provides a physical measure of shaft 
position as the result of an electrical input; or conversely, gives an 
electrical output which is a function of the angular position of its shaft. 


3.1.1.1 Torque transmitter. A torque transmitter is a unit which 
electrically transmits angular information according to the physical 
position of its rotor with respect to its stator. The rotor position is 
determined mechanically or manually by the information to be transmitted. 
The end result is the transformation of angular data into corresponding 
electrical values. Torque transmitters are normally connected to other 
torque synchros (receivers, differential receivers, or differential 
transmitters). Under certain corditions, they may be used as control 
transmitters. 
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3.1.1.2 Control transmitter. Except for being connected anly to 
control transformers or control differential transmitters, control 
transmitters perform the same function as torque transmitters. 


3.1.1.3 Tore differential transmitter. A torque differential 
transmitter electrically transmits angular information equal to the 
algebraic sum or difference of the electrical input supplied to its stator 
from a torque transmitter and the angular position of its roter with 
respect to its stator. The rotor is positioned to modify or correct the 
data fram the torque transmitter by some desired amount. The electrical: 
output of this unit will be applied to a torque receiver, another torque 
differential transmitter, or a torque differential receiver. 


3.1.1.4 Control di tial itter. This is functionally the 
same as the torque differential transmitter except that it is used in 
control rather than torque systems. 


3.1.1.5 Torque receiver. A unit whose rotor assumes an angular 
position determined by the electrical input supplied to its stator fram a 
torque transmitter or torque differential transmitter. For 
operation, the rotor must be connected in parallel with the rotor of the 
associated torque transmitter, and both synchros energized from the same 
power source. 


3.1.1.6 Tormgue differential receiver. A unit whose rotor assumes a 
physical position determined by the algebraic sum or difference of the 
electrical inputs supplied fron twe torque transmitters, two torque 
differential transmitters, or one torque transmitter and one torque 
differential transmitter. 


3.1.1.7 Control transformer. A unit which, when supplied with 
electrical information from a transmitter or differential transmitter, 
produces an electrical qutput proportional to the sine of the difference 
between the control transformer rotor angle and the angle represented by 
the electrical input. 


3.1.2 Synchro system. A synchro system is a circuit containing one or 
More synchros that operate on angular information and convey this 
information over a distance (see 6.1). 


3.1.2.1 Torque synchro system. A torque synchro system is a system in 
which the transmitted signal does usable work. 


3.1.2.2 Control synchro system. A control synchro system is a system 
in which the transmitted signal controls a source of power which does work. 
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3.2 Synchro _temninoloagy. 
3.2.1 Rotor angular displacement. 


3.2.1.1 Rotor position. In speaking of synchro units and systems, the 
rotor position is referred to as an angle of so many degrees, minutes, or 
seconds. Since it is not always stated to what respect this angle is 
measured, a few standard definitions are listed. 


3.2.1.2 Rotor angle. The rotor angle of a practical synchro is the 
angular mechanical rotor displacement fram the synchro zero position, 
measured in the positive direction, at which the synchro's output voltages 
exactly correspond to the output voltages of an ideal synchro set at any 
specific rotor position. 


3.2.1.3 Direction of rotation. Direction of rotation, clockwise or 
counterclockwise, is determined while facing the emergent shaft end of the 
synchro. See section 9 for standard connections for synchros. 


3.2.1.4 Anguiar displacement. Any deviation in the position of the 
movable winding (the rotor), with respect to the fixed winding (the 
stator), from a reference or zero position is called angular displacement. ~ 


3.2.1.5 Electrical zero. Electrical zero is the standard position to 
which all angular displacements are referred. In section 10, electrical 
zero is defined for various types of synchros. 


3.2.1.6 Increasing reading. An increasing reading is being sent toa 
synchro when the mmerical value of the information transmitted increases. 


3.3 Servo system. A servo (short for servomotor) is a device used in 
servo systems that contains or delivers power to move a control. A servo 
system is an automatic control system which maintains a condition at or 
near a predetermined value. 


3.4 Servo terminology. In addition to those already mentioned, a 
number of specialized terms are used in connection with servo systems. The 
more camnon of these are defined here: 


3.4.1 OQOpen-cycle control. Open-cycle control of a servo system means 
actuation of the servamotor solely by means of the input data, the feedback 
device being either removed or disabled. It should be clearly understood 
that any mechanism mist include a feedback provision in order to be 
classified as a servo; but in testing certain servo characteristics, an 
open-cycle control is often useful. Under such conditions, the elements 
involved are frequently referred to as an open servo loop. 


3.4.2 Closed-cycle control. Closed-cycle control refers to normal 
actuation of the system by the difference between input and output data, 
with the feedback device operative. 
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3.4.3 Continuous contro]. Continucus control is used to describe 
uninterrupted operation of the servo system on its load, regardless of the 
smallness of the error. All systems considered in this book exercise 
continuous control; however, there are systems which do not. 


3.4.4 Deviation. The deviation or error of a servo is the difference 
between input and output. 


3.4.5 Exror signal. The error signal or error voltage is the 
corrective signal developed in the system by a difference between input ard 
output. 


3.4.6 Instrument and power servos. Instrument servos and power servos 
are designations used to classify servamechanisms according to their power 
output. An instrument servo is one rated at less than 100 watts maximm 
continuous output. A servomotor whose rating exceeds this amamt is called 
a power servo. 


4. GENERAL SYNCHRO CONSTRUCTION AND CHARACTERISTICS 


4.1 General. A knowledge of unit construction and characteristics 
will provide a better understanding of synchro operation. As stated 
previously, synchros are, in effect, transformers whose primary-to- 

coupling may be varied by physically changing the relative 
orientation of the two windings. This is accomplished by mounting one of 
the windings so that it is free to rotate inside the other. The inner 
movable winding is called the rotor; and the outer, usually stationary, 
winding is called the stator. The rotor consists of either one or three 
coils wound on sheet steel laminations. The stator normally consists of 
three coils wound in internally slotted laminations. In some units, the 
roter is the primary and the stator is the secondary. In other units, the 
reverse is true. 


4.2 Rotor construction. The laminations of the rotor core are stacked 
together and rigidly mounted on a shaft. Slip rings, mounted on and 
insulated from the shaft, terminate the ends of the coil or coils. Brushes 
riding on the slip rings provide electrical contimity during retation and 
low-friction ball bearings permit the shaft to turn easily. In standard 

, the bearings mist permit rotation from very low speeds to speeds 
as high as 1200 rpm. The following is a description of two common type 
rotors. 


4.2.1 Salient pole rotor. This type of rotor, shown on Figure 27, is 
frequently called a "dumbbell" or "H" rotor, because of the shape of its 
core laminations. The winding consists of a single machine-woundd coil 
whose axis is perpendicular to the shaft. When used in transmitters and 
receivers, the rotor functions as the excitation or primary winding of the 
synchro. When energized, it becomes an electromagnet with the poles 
assuming opposite magnetic polarities. During one excitation cycle, the 
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magnetic polarity changes as shown on Figure 28, and similar variations 
will occur in subsequent cycles. The graph indicates amplitude variations 
in the exciting current and the strength of the magnetic field resulting 
from that current. 


4.2.2 Drum or wound rotors. Figure 29 shows a wound rotor, with two 
slip rings, used in most synchro contro] transformers, and in same torque 
transmitters. When used in differentials, three coils are wound so that 
their axes are displaced from each other by 120 degrees. One end of each 
coil terminates at one of three slip rings, while the other ends are 
connected together. Synchro windings of this type are called "Y- 
connected."" A single coil of wire or a group of coils connected in series 
may be wound to produce either a concentrated winding effect, for use in 
control transformers, or the same distributed winding effect as that of the 
salient pole rotor, for use in torque transmitters. 


4.3 Stator construction. The stator of a synchro is a cylindrical 
structure of slotted laminations on which three Y-connected coils are wound 
with their axes 120 degrees apart. Figure 30 shows a typical stator 
assembly and Figure 31 shows a stator lamination. Control transformer 
stators differ from those of other synchros mainly in that the control 
transformer winding consists of more turns of finer wire. Stators function 
as the primary windings in differentials and control transformers, and as 
the secondary windings in transmitters and receivers. Normally, stators 
are not connected directly to an AC source. Their excitation is supplied by 
the magnetic field of a rotor. 


4.3.1 Slip rings. Some synchros are so constructed that both the 
stator and rotor may be turned. Connections to the stator are made via 
slip rings and brushes. In some units the slip rings are secured to the 
housing, and the brushes turn with the stator. In other units the brushes 
are fixed, and the slip rings are mounted on a flat insulated plate secured 
to the stator. 


4.4 Lamination stacking. Stator and rotor laminations are stacked so 
that the slots formed are either parallel to the rotor shaft centerline or 
displaced so that the front end of a slot is in a straight line with the 
back end of the preceding slot. This displacement is called skew, and 
since the slot pitch is the angular distance between slot centers, the 
rotor or stator is said to be skewed one slot pitch. If the slots of both 
rotor and stator are parallel to the shaft centerline, the resultant flux 
concentrations of rotor and stator coils tend to make the rotor "slot-lock" 
in certain positions. Skewing changes the flux concentration enough to 
overcome this effect and its resultant angular errors. Either, but not 
both, rotor or stator laminations may be skewed. 


4.5 Unit assembly. The rotor is mounted so that it may turn within 
the stator. A cylindrical frame houses the assembled synchro. Standard 

synchros have an insulated terminal block secured to one end of the housing 
at which the internal connections to the rotor and stator terminate, and to 
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which external connections are made. Pre-standard ard special synchro 
types often have pigtail leads brought out fram inside the unit, rather 
than terminals. 


4.6 Transmitters. The conventional synchro transmitter, shown on 
Figure 32, uses a salient pole rotor and a stator with skewed slots. When 
an AC excitation voltage is applied to the rotor, the resultant current 
produces a magnetic field as shown on Figure 28. The lines of farce, ar 
flux, vary continually in amplitude and direction and, by transformer 
action, induce voltages in the stator coils. The effective voltage induced 
in any stator coil depends upon the angular position of that coil's axis 
with respect to the rotor axis. When the maximm coil voltage is known, 
the voltage induced at any angular displacement can be determined. 

Figure 33 shows the voltage induced in one stator coil as the rotor is 
turned to different positions. The rotor excitation is 115 volts amd the 
maximm coil voltage is 52 volts. 


4.6.1 Terminal-to-terminal stator voltages. Because the common 
connection between the stator coils is not accessible, it is possible to 
measure only the terminal-to-terminal voltages. When the maximm terminal- 
to-terminal voltage is known, the terminal-to-terminal voltages for any 
displacement can be determined. Figure 34 shows how these voltages vary as 
the roter is turned. Values are above the line when the terminal-to- 
terminal voltage is in phase with the Ri to R2 voltage, and below the line 
when the voltage is 180 degrees out of phase with the Ri to R2 voltage. As 
an example, when the rotor is turned 50 degrees from the reference 
position, the $1 to S3 voltage will be about 70 volts and in phase with the 
Rl to R2 voltage; the S3 to S2 voltage will be about 16 volts also in phase 
with the Rl to R2 voltage; and the $2 to S1 voltage will be about 85 volts, 
180 degrees out of phase with the Rl to R2 voltage. Although the curves on 
Figure 34 resemble time graphs of AC voltages, they show only the 
variations in effective voltage amplitude and phase as a function of the 
roter position. In a time graph, the horizontal axis would show the time 
rather than rotor position. 


4.7 Receivers. Torque receivers, usually called receivers, are 
electrically identical to torque transmitters of the same size. In same 
sizes of standard synchros, units are designated as torque receivers, hut 
may be used as either transmitters or receivers. These units are called 
torque receiver-transmitters. 


4.7.1 Rotor movement. Normally the receiver is unrestrained except 
for brush and bearing friction. When power is first applied to a systen, 
the transmitter position quickly changes; or if the receiver is switched 
into the system, the receiver roter turns to correspond to the position of 
the transmitter rotor. This sudden motion can cause the rotor to oscillate 
(swing back and forth) around the synchronous position. Also, due to the 
similarity between synchros and single-phase induction motors, the rotor 
may spin if turned fast enough. Some method of preventing excessive 
oscillations or spinning mist be used. In small units, a retarding action 
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may be produced by a shorted winding on the quadrature axis, at right 
angles to the direct axis. In larger units, a mechanical device known as 
an inertia damper is more effective. Several variations of the inertia 

are in use. One of the more common types consists of a heavy brass 
flywheel which is free to rotate around a bushing attached to the rotor 
shaft. A tension spring on the bushing rubs against the flywheel causing 
them to turn together during normal operation. If the rotor shaft turns or 
tends to change its speed or direction of rotation suddenly, the inertia of 
the damper opposes the changing condition. 


4.7.2 Stator voltages required to position rotor. Figure 34 shows 
both the voltages induced in the stator as a function of rotor position, 
and the voltages which mst be applied to the stator to turn the rotor toa 
desired position. : 


4.8 Double receivers. There are certain applications when the 
readings on two indicator dials are to be compared or added. Follow-the~ 
pointer and angle-reader dials in a Gun Director Train Indicator System are 
good examples of such usage. 


4.8.1 Follow-the-pointer dials. In this type, two dials are mounted 
concentrically. When the indices on the inner and outer dials are aligned, 
the actual gun position and the gun train order are in agreement. 


4.8.2 Angle-reader train dials. These dials are also concentric. The 
outer dial is driven by a receiver supplied with 1-speed data, and is 
graduated in 10-degree increments. The inner dial, driven by a receiver 
supplied with 36-speed data, is graduated in both degrees and minutes. The 
sum of the two dial readings is the actual gun position. 


4.8.3 Type 2R double receiver. To reduce space requirements, a 
housing in which two receivers are mounted has been developed--the type 2R 
double receiver. The receiver used to drive the outer dial is nearest the 
shaft end. The receiver nearest the terminal board end drives the inner 
dial. The brush caps, mounted between the flanges, should not be removed 
because it is impossible to reinsert them properly without disassembling the 
unit. 


4.9 Differential units. A mechanical differential connects three 
shafts together so that the rotation of any one shaft is either the sum of, 
or the difference between, the rotation of the other two. Synchro 
differentials are similar in operation. The results obtained by connecting 
differentials between other units of a system are covered in 6.2.2.1. 
Differentials operate either as transmitters--one electrical and one 
mechanical input produce one electrical output, or as receivers--two 
electrical inputs produce one mechanical output. In differentials, both 
rotor and stator windings consist of three Y-connected coils. Figure 35 is 
a cutaway view of a typical differential. 
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4.9.1 Differential transmitters. Differentials may be used as trans- 


mitters in either torque or control applications. In either use, the 
stator is normally the primary and receives its excitation from a torque or 
control transmitter, as appropriate. The voltages appearing across the 
rotor terminals are determined by the magnetic field produced by the stator 
currents and the physical position of the rotor. ‘The magnetic field 
Created by the stator currents assumes an angle corresponding to that of 
the magnetic field in the transmitter supplying the excitation. If the 
rotor position changes, the voltage present at the rotor terminals changes. 


4.9.2 Differential receivers. As torque receivers are previously 
compared to torque transmitters, so may torque differential receivers be 
compared to torque differentia] transmitters. Both rotor and stator 
receive energizing currents from torque transmitters. The two resultant 
magnetic fields interact and the rotor turns. The position assumed by the 
rotor depends an how the differential is connected to the two transmitters. 
Paragraph 6.2.2.1 shows unit connections to obtain various indications. 


4.9.3 Transformer action. It might appear that a differential's rotor 
and stator leads are interchangeable, but this is not usually true. In 
section 1, it is mentioned that the primary-to-secondary turns ratio 
determines the primary-to-secondary voltage ratio. The coils in 
differentials are wound so that when the axis of a rotor coil coincides 
with the axis of a stator coil, the voltage induced in the rotor coil 
equals the voltage across the stator coil. To provide this 1-to-1 voltage 
ratio after losses, the rotor must have more turns than the stator. If 
excitation is applied to the rotor of a differential transmitter, the 
voltage induced in the stator is less than the applied voltage. In 
differential receivers where both windings are energized, the differential 
stator should be connected to the transmitter having the higher secondary 
current rating. If the transmitters are identical, the stator should be 
connected to the closest transmitter to minimize the losses. 


4.10 Control] transformers. There is an ever-increasing tendency to 
use synchros as follow-up links in automatic control systems. Synchros 
alone do not possess sufficient torque (turning power) to rotate radar 
antennas or gun turrets; however, they can control power amplifying devices 
which can move these heavy loads. For such applications, a control 
transformer is used. Figure 36 is a phantom view of a typical control 
transformer (CT) with a drum rotor. The windings are effectively” 
concentrated in the core center. Magnetizing arrent is supplied to the 
stator windings from either a transmitter (CX or TX), or differential 
transmitter (CDX or TOX). The magnetic field created by the stator 
currents corresponds in position to the position of the field in the 
synchro supplying the excitation. By transformer action, a voltage is 
induced in the rotor or secondary winding. The amplitude and phase of the 
induced voltage depends on the angular displacement of the CT rotor in 
respect to the CX, TX, CDX, or TDX rotor. When the two rotor positions 
correspond, the voltage across the CT roter is minimm. The operation of 
these units is described further in 6.3.1. 
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4.11 Units with rotatable stator. When the particular system design 
permits, space can be saved and the loss of accuracy resulting from the use 
of an additional differential can be overcome by the use of a unit having a 
rotatable stator (see Figure 37). Except for the rotors used, a control 
transmitter, torque receiver, or contro] d@ifferential transmitter with both 
windings rotatable would be similar in construction. When a unit having a 
rotatable stator is used, the rotation of the stator provides the same 
modifying or correcting effect as that obtained by the insertion of a 
differential. 


4.12 Comparison of 60-hertz and 400-hertz units. There are many ways 
in which synchros resemble transformers. If two transformers are to be 
made with identical power-handling capabilities, and one is to operate on 
60 Hz and the other on 400 Hz, the one for use on 400 Hz will be physically 
smaller. The same can hold true for synchros. "Can" rather than "does" is 
used because some 400-hertz units are identical in size to their 60-hertz 
counterparts. This is done so that units can be physically interchanged 
without special mounting provisions. The reduction in physical size is due 
to: (1) the reduction in core size; less core. area is required at higher 
frequency; (2) the number of primary turns; fewer turns are required at 
higher frequency; and (3) the number of secondary turns; reduced in 
proportion to reduction in number of primary turns. 


4.13 Synchro characteristics. 


4.13.1 Torque. Torque is simply a measure of how much load a machine 
can turn. In torque synchros, only small loads are turned; therefore, only 
a small amount of torque is required. Torque is expressed as the product 
of the force and the distance from the line of action to the center of 
rotation. In heavy machinery, torque may be expressed in pound-feet, but 
in synchros, torque measurements are in ounce-inches (oz-in). Consider the 
arrangement on Figure 38, where pulleys of different sizes are attached to a 
shaft. When the pulley radius is one inch, the torque required to lift the 
attached 6-ounce weight is 6 oz-in. When the pulley radius is two inches, 
the torque required to lift the same weight is 12 oz-in. Increasing the 
distance between the center of rotation and line of action increases the 
torque required. 


4.13.1.1 Unit torque gradient. Unit torque gradient is the torque 
gradient of a synchro when it is connected to and energized from a duplicate 
locked unit. The curve on Figure 39 shows the unit torque gradient for a 
particular type of synchro. When this value is established as described 
below, it provides a measure of unit performance independent of how the 


synchro is used. 


4.13.1.2 Plot description of Fiqure 39 curve. (1) Two torque 
receivers were connected in parallel with one rotor fixed in place and the 
other free to turn; (2) a special pulley was attached to the shaft of the 
unit under test and weights were suspended from the rim of the pulley; 
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(3) the weights turned the pulley and roter shaft; (4) increasing the 
weight suspended increased the amount the shaft turned; (5) the amount of 
weight suspended and the corresponding shaft displacements were recorded and 
the curve was plotted. A portion of the curve is substantially linear and 
the slope of this linear portion is know as the torque gradient. Within 
the normal limits of displacement, up to about 10 or 20 degrees, the torque 
gradient (expressed in ounce-inches per degree) provides an easy way of 
determining the torque produced by the rotor shaft. For example, ata 
10-degree displacement, the torque exerted is 10 times the unit torque 
gradient. 


4.13.1.3 Actual torque gradient. Actual torque gradient is the torque 
gradient of a synchro measured when that synchro is used in a system. The 
actual torque gradient fer any unit depends upon the mmber and type of 
units in a system. 


4.13.1.4 Pull-out torque. Pull-ocut torque is the maximm torque which 
can be exerted by a synchro unit connected to and energized from a duplicate 
locked unit. Figure 39 shows that the torque increases with the rotor 
displacement and reaches a maximm at 90 degrees. The pull-out torque for 
this unit is 30 oz-in. 


4.13.1.5 Stator force. The torque developed in a synchro results fron 
the tendency of two magnets to align themselves. Since the rotor can be 
turned and the stator usually cannot, the stator must exert a force tending 
to pull the rotor into a position where the primary and secondary fields 
are in line. The strength of the field produced by the stator depends on 
the current through the stator.coils. Current flow in the stator coils 
depends in turn upon the impedance of the coils. Since the current flow 
determines the magnetic field strength, and the field strength determines 
the torque, it follows that the unit torque gradient of a synchro is 
inversely proportional to the stator coil impedance. 


4.13.1.6 Accuracy is affected 2 ie gradient. In a system 
consisting of a transmitter driving a receiver, friction always causes the 
receiver rotor to lag slightly behind the transmitter rotor. A higher 


torque gradient means that a smaller lag produces enough torque to overcame 
this friction. 


4.13.2 Torque transmitter load capacities. One transmitter may be 
used to drive a mmber of receivers connected in parallel, provided that 
the transmitter can supply the current necessary to operate all the 
receivers. If identical receivers are equally loaded, the approximate 
torque of each receiver can be determined by the formula: 


2R 
N+R 


Tr' = 
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Tr! is the torque gradient of the receiver in the system 


Tr is the unit torque gradient of the receiver 
R is the torque gradient ratio 7 


Tt is the unit torque gradient of the transmitter 
N is the mmber of identical receivers 


4.13.2.1 Description of plot shown on Figure 40. Using this formla, a 
graph can be plotted which applies to any situation where a transmitter 
drives a number of equally loaded receivers. Figure 40 shows such a graph. 
Suppose that a mumber of type 15TR4A receivers are to be driven by a type 
31TX4A transmitter. First, determine the ratio between the two unit torque 
gradients: 


31TX4A Unit Torque Gradient 0.67 


= 4 (approx. ) 

15TR4A Unit Torque Gradient 0.17 

Then locate the ratio 4 along the bottom of the graph. Going up along the 
vertical line, curves for various numbers of receivers are crossed. If 
four receivers are operated from the transmitter, the actual torque 
gradient is equivalent to the unit torque gradient. If only two receivers 
are used, the actual torque gradient is 1.35 times the unit torque 


gradient. It is apparent from the graph that one of three conditions 
exists: 


a. If the torque gradient ratio equals the number of receivers, 
the unit and actual torque gradients are equal. 


b. If the torque gradient ratio exceeds the number of receivers, 
the actual torque gradient of the receivers exceeds the unit torque 
gradient. 


c. If the torque gradient ratio is less than the number of 
receivers, the actual torque gradient is also less than the unit torque 
gradient. 


4.13.2.2 Factors determining load city. The actual load capacity 
of any unit depends on several factors which cannot be readily summarized 
in tabular form. Increasing the load on a unit increases the current 
demand, resulting in a higher operating temperature. To determine 
accurately the load capacity, we must know the maximum permissible 
operating temperature of the @riving unit, the quantity and type of driven 
units, and the mechanical loads upon the driven units. 
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4.13.3 Operating voltages. Standard synchros are designed for use on 
either 115 volts or 26 volts. The operating voltage is stated on the 


synchro nameplate. 


4.13.4 Qperating temperature. Standard synchros are required to 
sustain no damage while operating or standing in an ambient temperature of 
-55°C + 125°C. Pre-standard Navy synchros were required to operate between 
-25°C + 85°C. Early model standard synchros were designed and built to 
Operate over the range -55°C to + 85°C. Qualified Products Lists (QPL's) 
were established to indicate the contractors who successfully met this and 
other criteria. The upper limit of the temperature range was expanded to 
+125°C to withstand the effects of high ambient temperatures encaumtered in 
aerospace applications. When a unit is energized, but not loaded, its 
temperature should not rise above certain specified limits. 


4.13.5 Electrical error/static accuracy. For every physical position 
of a synchro rotor, there is a corresponding electrical position. Any 
difference between actual physical position and electrical position is 
known as electrical error. Sometimes the electrical error is called static 
accuracy. For differentials, the error is measured for both rotor and 
stator. This error is usually expressed as a maximum mmber of minutes. 
Sixty minutes equals one degree. 


4.13.6 Receiver error. The difference between the position 
transmitted by a TX or TOX and the position assumed by a TR or TOR is nam 
as receiver error. In measuring receiver error, the TR or TOR is connected 
to a transmitter, or transmitters, of equal size. This error is also 


4.13.7 Synchronizing time. In a torque system, the position of the 
receiver rotor corresponding to that of the transmitter rotor is known as 
the synchronous position. The period of time required for a receiver or 
differential receiver to assume and hold the synchronous position is called 
the synchronizing time within one degree. The standard method of 
determining synchronizing time is to connect the unit under test, terminal- 
to-terminal, to an identical unit locked on electrical zero. Measurements 
are then taken of the time required for the test unit rotor to synchronize 
from displacements of 30 and 177 degrees + 2°. 


4.13.8 Operating speed. All standard synchros must be capable of 
operation at 1150 rpm continuously for 2000 hours without external axial 
load. Pre-standard Navy synchros are classed either as low speed or high 
speed. Low-speed units must be capable of operating contimmously for 500 
hours at 300 rpm. High-speed units must be capable of rotating at 1200 rn 
continuously for 1500 hours. 


4.13.9 Minimm voltage and fundamental component. If the rotor of a 
transmitter is at either 0 or 180 degrees, the S1-S3 terminal voltage 
theoretically will be zero (see Figure 34). This is based on the 
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assumption that the unit is so constructed that the Si and S3 windings are 
exactly identical and have equal and opposite voltages induced in them. 
Units this perfect are seldom found. Figure 34 also shows that the S1-S2 
voltage is zero when the rotor is at 120 or 300 degrees, and that the S2-S3 
voltage is zero when the rotor is at 60 or 240 degrees. These six mull 
heacings are obtainable in differentials and control transformers by 
shorting two stator leads together, applying 78 volts (10.2 volts for 26- 
volt synchros) between the two shorted terminals and the unshorted one, and 
reading the voltage across the rotor terminals. The null position depends 
on which two stator leads are shorted together. Although the null voltage 
seldom falls to zero, it must fall below certain specified values. The 
minim voltage, as read on an electronic voltmeter, will be the sum of the 
fundamental component and its harmonics, miltiples of excitation frequency. 
By using a filter, the harmonics can be eliminated and the fundamental 
component measured. This value also mst fall below a specified maximum. 
The value of the null voltage is of major importance in control synchro 
systems where the system output is used to actuate a servo. 


4.13.9.1 Null voltage of a control transformer. In a control system, 
the control transformer minimum output, or null position, is determined by 
the signal applied to its stator, and may occur at any heading. Section 5 
contains additional information about the null voltage of a control 
transformer (see 5.3.1.4d and 5.3.1.5c.) 


4.13.10 Control transformer voltage gradient. Figure 41 shows the 
output voltage of a control transformer. The Slope of this curve fram 0 to 
10 degrees is called the voltage gradient and is expressed in volts-per- 
degree (v/deg) . 


4.14 Speed of synchro units and systems. Quite often synchros are 
referred to as 1-speed or 2~speed synchros, and a synchro system is 
referred to as a single-speed or dual-speed system. Since a 2-speed 
synchro is not the same as a dual-speed synchro system, these terms of 
reference are defined in an effort to avoid confusion. 


4.14.1 Data transmission speeds. The gyro~-compass aboard most naval 
vessels is located below deck near the center of gravity. Gyro-.:ompass 
information, showing the ship's course, must be transmitted to various 
campass repeaters. In 1-speed data transmission, a synchro transmitter is 
geared to the gyro-campass so that one revolution of the rotor corresponds 
to one revolution of the gyro-compass. Further, in 36-speed data 
transmission, the transmitter rotor is geared to turn through 36 
revolutions for one revolution of the gyro-compass. Simply, the speed of 
data transmission is the number of times a synchro transmitter rotor mst 
turn to transmit a full range of values. Units transmitting data at one 
speed are frequently called 1-speed synchros. A unit transmitting data at 
36-speed would be a 36-speed synchro, amd so forth. 
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4.14.2 System speeds. It is quite common to transmit the same data at 
two different speeds. Referring again to the gyro-compass, on-ship's 
course data is commonly transmitted at 1-speed and 36-speed. A system where 
data is transmitted at two different speeds is called a dual- or double- 
speed system. Usually, a dua)-speed system will be referred to by the 
speeds involved; for example, "1- and 36-speed system". 


4.14.3. Summary. To summarize, the speed of data transmission is 
referred to as 1-speed, 2-speed, 36-speed or some definite mumerical ratio. 
To indicate the mmber of speads at which data is transmitted, speak of a 
single-speed or dual-speed transmission system. 


4.14.4 Determining the speed to use. It is obvious that if data can 
be transmitted at different speeds, or if the same data is transferred at 
different speeds, there must be certain advantages and disadvantages to the 
various methods. 


4.14.4.1 Single-speed system. If the data to be transmitted covers 
only a small range of values, a single-speed system is normally accurate 
enough. For example, if a device moves only 6 inches and the transmitter 
rotor which is geared to it turns through 360 degrees, a total error of one 
@egree in the transmitter and the receiver to which it is connected causes 
an error of 0.01666 inch in the indicated position. For quantities without 
definite reference values, such as increasing range or bearing, a single- 
speed system may be made as accurate as desired. Greater accuracy is also 
possible by using higher speeds of data transmission, such as 36-speed. 
However, in such an arrangement, the self-synchronous feature of the 1- 
speed system is lost. Suppose that while the primary power to the system 
is interrupted, the transmitter rotor is turned. When power is again 
applied to the system, the transmitter and receiver rotor shafts are in 
corresponding positions, but an indicator coupled to the receiver rotor 
shaft may not show the actual position of the device geared to the 
transmitter. The number of positions in which the transmitter and receiver 
rotor shafts can correspond is the same as the transmission speed. Thus, 
in 36-speed data transmission, we have 1 correct position and 35 incorrect 
positions. 


4.14.4.2 Dual-speed system. For accurate transmission without loss of 
self-synchronous operation, a dual-speed system is used. The 1-speed dial 
is graduated through 360 degrees, and the 36-speed dial is graduated 
through 10 degrees. If both dials are read, a more accurate bearing 
indication is obtained. A common variation of the above employs two 
control transformers in place of the torque receivers. When the error 
(difference in position of transmitter and control transformer rotors), 
exceeds a certain value, the 1-speed synchro takes control and reduces the 
error to a small value. The 36-speed synchro then takes control and 
increases the accuracy. 
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4.15 Synchro capacitors. 


4.15.1 The AC qauwrent drawn by a coil. It is stated in 1.4.3.3.1 that, 
in Ac circuits, the current through a coil does not reverse at the same time 
as the applied voltage. The current reversal occurs after, or lags, the 
voltage by an amount of time determined by the coil impedance. Consider 
first what happens when an AC voltage is applied to a coil of wire wound on 
an iron core. The AC current that flows in this coil has a certain 
magnitude which depends on how the coil is made (in this example, it isi 
amp) . If the instantaneous values of this current were measured with an 
oscilloscope and campared with the line voltage, the graphs would be as 
illustrated on Figure 42. Because such a coil is highly inductive, its 
current reaches each point in the cycle almost 1/4 cycle later than the 
applied voltage. In other words, the current lags the applied voltage by 
almost 90° © 


4.15.1.1 Differential or contro] transformer connected to a 
transmitter. When a differential or control transformer is connected to a 
transmitter, the transmitter must supply the stator currents to the other 

The total current supplied is the sum of two lesser currents: 
(1) the loss current, in phase with the applied voltage, which supplies the 
heat loss in the windings and laminations; and (2) the magnetizing current, 
lagging the applied voltage by 90 degrees, which produces the magnetic 
field. Figure 43 shows the relationship of these currents and the 
equivalent circuit of the coil. 


4.15.1.2 Power. Because the currents are not in phase, the effective 
value of the actual current is less than the sum of the two values. By the 
same token, the effective power of a circuit in which the voltage and 
current are out of phase is less than the volt-ampere product. On 
Figure 44, the wattmeter indicates that the power supplied to the coil is 
one watt, while the volt-ampere product is two volt-amperes. As 
illustrated, the power factor is normally expressed as a percentage; it 
cannot exceed 100 percent. 


4.15.2 The effect of a capacitor on coil current. The current drawn 
by a coil can be reduced by connecting a capacitor across it. Ina 
capacitor, the current leads the applied voltage. On Figure 45, the 
capacitor used draws a current equal to the magnetizing current of the 
coil. ‘The two out-of-phase currents cancel, and the actual current is only 
the loss current. 


4.15.3 The use of capacitors with a control transformer. The simplest 
case in which capacitors are used is across the stator leads of a control ~ 
transformer. Each of the three stator windings of a control transformer 
can be thought of as consisting of a high resistance (which draws the loss 
current) in parallel with an inductance (which draws the magnetizing 
current) as shown on Figure 46. When a control transformer is connected to 
a transmitter, the current in each stator lead depends on the position of 
the transmitter rotor and on the construction of the control transformer. 
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For example, the current in the S2 lead reaches its highest value when the 
transmitter is on 0 degrees (or 180 degrees). The current in the $2 lead 
ef a typical control transformer measures about .032 amp (32 milliamps) as 
shown on Figure 47. This arent consists of about 10 milliamps loss 
current, and about 30 milliamps magnetizing arrrent. On Figure 48, the 
magnetizing current of each coil in the control transformer could be 
cancelled by connecting across it a capaciter which drew an equal and 
opposite current. Since there is no connection to the common lead 
available outside the synchro case, this installation would not operate 


very well. 


4.15.3.4 inition o: C. . A synchro capacitor 
consists of three equal delta-connected capacitors (see Figure 49), which 
are mounted in a case. Synchro capacitors are made in various sizes to 
conveniently accommodate all standard differentials and control 
transformers. The synchro capacitor unit is rated according to the "total 
capacitance" which is the sum of the three capacitances. 


-15.3.5 2 ci When 
the a. capacitor is connected to the stator leads of a control 
transformer, the magnetizing current of that unit is practically cancelled 
by the capacitor current, regardless of the transmitter shaft position. 
For example, the current drawn by the control transformer is reduced fron 
0.032 arp to 0.010 amp when the synchro capacitor is installed as shown on 
Figure 50. 


4.15.4 The use of capacitors with a synchro differential. When a 
synchro differential is connected between a transmitter and a receiver, the 
stator currents are no longer zero when the shafts are lined up, as was 
explained in the paragraphs on differentials. Also, because current is 
being drawn from the transmitter and receiver stators, their roter currents 
are higher than normal. In a typical case, the currents have the values 
shown on Figure 51. 


4.15.4.1 Effect on currents by addition of a capacitor. Since the 
current drawn by the differential is largely magnetizing current, it can be 
greatly reduced by connecting the proper synchro capacitor across the 
differential's stator leads. This decreases the current drawn fram the 
transmitter, increasing the transmitter's output voltage, thus giving a. 
better balance and decreasing the current from the receiver. In the case 
shown above, ene nen Mee eget eat ee gee en 
Figure 52. 


4.15.4.2 Rotor Jeads connected to a contro] transformer. A situation 
in which the use of synchro capacitors is even more essentia] than that 
described above, is where a transmitter feeds a differential whose rotor 
leads are connected only to a control transformer. In this case, the 
transmitter mst supply all of the losses and magnetizing current for both 
the other units, so the current drawn from the transmitter stator leads is 
very high. The values measured in a typical case are shown on Figure 53. 
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4.15.4.3 ction of load addition of capacitors. The load on the 
transmitter is greatly reduced by connecting the correct size synchro 
capacitor across the differential's stator leads and another across the 
control transformer's stator as shown on Figure 54. 


4.15.5 General notes concerning synchro capacitors. Synchro 
capacitors are specifically designed to perform a particular function. It 
is recomended that substitutes, such as electrolytic and paper filter 
capacitors, should not be used. Use of these types will cause an 
inacouracy in the system. The recommended type of synchro capacitor is of 
paper foil construction. 


4.15.6 Synchro capacitor location in synchro system.. A synchro 


‘ capacitor should be mounted close to the differential unit or the control 


transformer. The intent of the synchro capacitor is rendered useless if 
the high magnetizing current of the unit is required to flow through an 
extensive length of wire before being cancelled by this capacitor (see 
Figure 55). 


4.15.7 Use of capacitors to reduce line current of a transmitter or 
receiver. When a transmitter or receiver is connected to an AC supply, the 
current drawn by the rotor is largely magnetizing current (see Figure 56). 


4.15.7.1 Effect of addition of capacitors. When capacitors are 
connected across the rotor leads of each unit, the current drawn from the 
AC supply can be greatly reduced as shown on Figure 57. Capacitors are not 
to be connected in the stator circuit between the transmitter and receiver. 
The current in this circuit is zero; therefore, the capacitor in this 
location will increase the current which will cause an inaccuracy in the 
system. 


4.15.8 Synchro capacitor boxes. Due to the necessity of having the 
synchro capacitor mounted as close as possible to the synchro unit which 
requires a current correction, it is sometimes mandatory that the 
capacitors must be mounted in an exposed location. Therefore, synchro 
capacitors are mounted in boxes especially designed for this purpose. 

Tables II and III list synchro capacitor boxes available for this purpose. - 


4.15.9 Characteristics of Navy standard synchro capacitors. Table IV 
provides a list of Navy standard synchro capacitors and their replacements. 
Figure 58 illustrates the standard connections and current values of the 
capacitors listed in Table Iv. 


4.16 Special synchros (servtorgs). Servtorgs (special torque 
receiver-type synchros, synchro relay transmitters, and synchro amplifiers) 
have been developed and are available to boost the torque, change the speed 
ratio, change from 60 Hz to 400 Hz, or vice versa, for synchro systems. A 
servtorg is a self-contained, remote angular positioning and tracking 
device for converting input synchro data into an accurate shaft position. 
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It performs the functions of conventional instrument servomechanisms and 
synchro torque receivers. It consists of a DC motor, amplifier, power 
supply, and synchro control transformer (either 60 Hz or 400 Hz), all 
mounted in the same synchro frame. Details of these devices are available 
in MIL-S-81746 or upon request to Commanding Officer, Naval Air Engineering 
Center, Engineering Specifications and Standards Department, Code 53, 
Lakehurst, NJ 08733-5100. 


5. LOAD LIMITS FOR MIL-S-20708 SYNCHROS 





5.1.1 Torque system arrangements. The load of receivers that may be 
carried in a torque system depends upon the arrangement of the system. 
Three arrangements are discussed (as shown on Figure 59); Torque System C 
is a combination of the first two arrangements——Torque Systems A ard B. 
Note on Figure 59 that the torque differential transmitter units in Torque 
Systems B and C are provided with power-factor-correcting capacitors to 
reduce the load current drawn from the other synchro units. 


5.1.1.1 Torque System A. The primary factors controlling the limiting 
load of receivers are: 


a. The allowed maximm receiver error under static operation. 


b. The allowed temperature rise in the torque transmitter produced 
by circulating currents amd by error currents. 


In regard to receiver error, as the number of receivers in a system is 
increased, the receivers get weaker and they require larger position errors 
to overcame their restraining torque and follow the transmitter. Thus, an 
excessive system loading would produce excessive receiver errors. A 
practical solution is to limit the mumber of receivers to a value that 
gives a system torque gradient no less than two-thirds the value of the 
unit torque gradient of the receivers. As such, at full system load, the 
receivers will give 50 percent increase in the restraining torque component 
of position error as compared to that obtained by one receiver controlled 
by a duplicate size transmitter. The increase in the total position error 
is actually less than 50 percent because the electrical error component of 
position error is not deperdent on the mumber of receivers in the system. 
The system torque gradient of equal size receivers in this system is given 
with sufficient accuracy by: 


BQUATION NO. (1) 
2r 





Ts = Ts 


Nat r 
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Ts = system torque gradient of each receiver 


Tu unit torque gradient of the TX or TDX used as a TX 





Tor unit torque gradient of each TR 
Na = Mumber of equal size TR's 


For the limiting condition that Tg = (2/3) Tyy, the maximm number of equal 
size TR's reduces to the following: 


(Ma)max = 20 BOQUATION NO. (2) 


The loads obtained by using equation (2) are listed in Tables V and Xv for 
the different sizes of torque transmitters and receivers. In normal 
practice with the receivers used only for position indication, the error 
currents are smal) and the temperature rise of the transmitter and 
receivers will not be excessive. 


5.1.1.2 Torque System B. The limiting mumber of differential units 
and receivers are based on the following: 

: a. The load current required to energize the differential units is 
limited to the value the torque transmitter can carry at a safe temperature 
rise and at a voltage regulation not exceeding 2 to 3 percent for 400-hertz 
units or 7 percent for 60-hertz units. The limiting regulation valve is 
higher for 60-hertz units than for 400-hertz TX's because 60-hertz TX's 
have poorer voltage regulation per unit current than 400-hertz units. 


b. The minimm system torque gradient of the receivers is set at 
two-thirds the value of their unit torque gradient, as was done for Torque 
System A. In paragraph a above, it is assumed that the differential units 
in the system are energized solely by the TX unit, without contribution by 
the receivers. The allowable load determined in this manner will assure 
safe operation of the TX and TR units, regardless of how many receivers may 
be switched off the system. All 400-hertz TX units up to and including 
size 37 can supply unity power factor load current up to 3 percent 
reguiation without excessive temperature rise and up to 7 percent 
regulation for 60-hertz units. The limiting number of TDX units in this 
system is given by: 

EQUATION NO. (3) 
TTx 
(Ng) max = —— 
Itpx 
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Itx = unity power factor load arrent of the Tx, or the TDX 
used as a TX, for 2 to 3 percent voltage regulation for 
400 hertz and 5 to 7 percent for 60 hertz 


Inpx = corrected energizing current of a given size TDX 
(Ng) max = limiting mumber of equal size TOX units 
For equal size differential units and equal mmber and size of receivers m 


each differential, the system torque gradient of the receivers in this 
system may be specified by the following approximate formula: 


2r%p EQUATION NO. (4) 
Tg * —— Tar 
My + Mp 
where 
_ dr EQUATION NO. (5) 
ng + Tq 
and 


's = System torque gradient of each TR 
Tur = unit torque gradient of the TR's 
Mp = number of equal size TR's 
Ng = nurber of equal size TDx units 


_ Tu unit torque gradient of TX, or TOX used as a TX 





r= 
Tur unit torque gradient of TR 

: T. unit torque gradient of TX, or TOX used as a TX 

at— TENE 


Tog unit torque gradient of TR 
For the limiting condition that Tg = (2/3)Tyy, the maximm number of 


receivers in this system, as calculated fram equations (4) and (5), is 
given by the following forma: 


(Np) max = 2% EQUATION NO. (6) 
The loads that are calculated by using equation (6) are listed in Tables VI 


and XVI for different sizes of torque transmitters, differentials, and 
receivers. . 
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5.1.1.3 Torque System C. In this system, there are two receiver 
loads, one on the primary side of the TDX units (load 1); the other on the 
secondary side (load 2). The number of differentia] units that may be used 
with each TX is the same as for Torque System B. As to the number of 
receivers that may be used in loads 1 and 2, these loads are dependent on 
one another, as well as on the size of the TX and on the size and number of 
the TDX units. In a system of this type, the loads are obtained from a 
consideration of the system torque gradient using a procedure similar to 
that given for Torque System B. A practical approach is to solve the torque 
circuit of the system under the following conditions: 


a. Loads 1 and 2 each have equal size receivers. 


b. All receivers are assumed to be at equal position error of less 
than 10 degrees. 


c. The TDX units are of equal size and they carry equal shares of 
the receiver load 2. 


d. The minimm system torque gradient of the receivers in load 2 
is set at two~thirds the value of their unit torque gradient. 


e. The load current required to energize the differential units is 
limited to the value that the transmitter can carry at a safe temperature 
rise and a voltage regulation not exceeding 2 to 3 percent for 400~hertz 
units or 7 percent for 60-hertz units. 


The ratio of the system torque gradient of the receivers in loads 1 amd 2 
to their respective unit torque gradients may be expressed approximately as 


follows: 
‘ 2q1 ( e i Zg2 EQUATION NO. (7) 
Ts1 | my \Na ne 
T, 2 
af a) (mm me, Re) (wt 
ny ny ng ng ny 
and 
2g2 2qi BQUATION NO. (8) 
Ts2 _ 


Ty2 
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where 
Ts1 = system torque gradient of each TR in load 1 


Ts2 = system torque gradient of each TR in load 2 
Ty, = unit torque gradient of each TR in load 1 


Tug = unit torque gradient of each TR in load 2 


2q1 


2g2 = quadrature axis impedance of each TR in load 2 
2ge = quadrature axis impedance of each TOX 

2g quadrature axis impedance of transmitter 

ny = number of equal size TR's in load 1 


quadrature axis impedance of each TR in load 1 


ng = mumber of equal size TR's in load 2 
Ng = mmber of equal size TDX's 


Comparison of equations (7) and (8) indicates that Ts2/Ty2 is always less 
than Ts;/Ty; for equal size receivers; therefore, load 2 is subject to 
comparatively weaker torque. Bquation (8), for Ts2/Ty2, must, therefore, be 
used to determine nz and n, and it is set equal to 2/3. The approximate 
expressions for nj and n, are shown below: 


ny EQUATION NO. (9) 
2 mg (2-— 


ry 


ite 


ng 
rq 

Ta + ng + ny _ 
Yr) 

Ty (2r2 Ng - Tq Ng - M2 Ng) EQUATION NO. (10) 


T2 1g + Tq nz 
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where 


Ty unit torque gradient of TX, or TDX used as a TX 





rm =—= 
Tor) unit torque gradient of TR in load 1 
Ty unit torque gradient of TX, or TDX used as a TX 
r2 FE eee 
Tur2 unit torque gradient of TR in load 2 
Ty 
tq =—— = ratio of unit torque gradients of TX and TDX 
Tud 


and nj, Mg, and ng are the same as above. 


By setting n, equal to zero in equation (9), the following equation is 
obtained: i 


_ 2x2 Na 
np = EQUATION NO. (11) 


rg + nq 


Bguations (6) and (11) are identical and yield the maximm number of 
receivers for Torque System B. Using this value as the starting point for 
Torque System C, the total number of TR's in load 2 is reduced by ng, 2nq, 
3ng, and so forth, until each TDX carries one TR and n; is calculated from 
equation (10) for each such reduction in load 2. The results obtained by 
this method are shown in Tables VII and XVII. 


5.1.1.4 Discussion of Tables V, VI, VII, XV, XVI, and XVII. The 
following may be noted in connection with the tables: 


a. All differentials energized from synchro transmitters are 
provided with power-factor-correcting capacitors. The values of these 
capacitors are tabulated in Tables VIII and XVIII. Without capacitors, the 
allowable number of differentials would be reduced to between one-third and 
one-fourth of the values shown in these tables. 


b. Blocking bars are used to indicate that no satisfactory system 
can be formed within the indicated area. 


5.2 Load limits for MIL-S~20708 synchros in mixed systems. 


5.2.1 General. It has been common practice to employ mixed synchro 
systems in which contro] transformers and torque receivers are operated 
fram a common transmitter. . In such systems, the position error of the 
control load (CT units) has comparatively negligible effect on the accuracy 
of the torque load (TR units), especially when the CT outputs are fed into 
high load impedances. By contrast, even the normal position error of the 
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torque receivers produces significant bus errors to impair the accuracy of 
the control load. In addition, this bus error is acoompanied by same 
quadrature time phase voltage which may impair the sensitivity of the 
control servos on ml] positioning. For these reasons, the position 
accuracy of the control Reed Ay aise ey nee. sy ete, 4a te As geod Ae) ar 
straight control systems. 


5.2.2 Requirements for safe and accurate performance. To assure 
fairly accurate and safe performance of mixed systems, the following 
requirements should be met: 


a. The transmitter mist be the torque type (TX); not the control 
type (CX). Both types of transmitters can supply load aurrrents to CT 
units, but only the torque transmitters have comparatively low impedance 
level for effective operation of torque receivers. 


b. The differential transmitters intended to carry torque ani 
control loads must be the torque type (TDX), whereas those intended to carry 
only CT units may be either torque differentials (TDX) or control 
@ifferentials (CDX). 


¢. The load current to the CT and differential units should be 
limited to that producing not more than about 3 or 4 percent drop on the TX 
and CDX secondary voltages in 400-hertz units or 10 percent drop in 60- 
hertz units, assuming no contribution by the TR units in sharing the load 
current with the TX. This limiting regulation assures satisfactory 
accuracy in the system without excessive temperature rise in the Tx, TR or 
differential transmitter, regardless of how many units may be switched off 
the system. In addition, with the above voltage drop limit, the reduction 
in output voltage gradient of the CT is limited to about 10 percent for 
400-hertz units or about 15 to 20 percent for 60-hertz units. 


dad. Since mixed synchro systems have to employ torque type 
transmitters (TX's), the limiting loads can be determined by reference to 
Torque System Tables V, VI, VII, XV, XVI and XVII. In these torque systens, 
the limiting mmber of TR units is already indicated. It remains to 
determine the mmber of CT units that may be added to the torque systems, 
and the mmber of CDX-CT branches that may replace TOX-TR branches where the 
TR units are not needed. The following guides are suitable for determining 
limiting loads in mixed systems. 


5.2.2.1 Mixed System A. The limiting mmber of CT's that may be added 
to the torque systems of Tables V and XV, which are TX-IR systems without 
intermediate TDX's, depends upon the size of the TX used and is shown in 
Tables IX and XIx. 


5.2.2.2 Mixed System B. The limiting mmber of CT's that may be added 
to each section of the torque systems of Tables VI, VII, XVI ard XVII, all 
of which contain intermediate TOX's, depends upon the mmber and size of 
the TR's in that section. Table X shows the limiting number of CT's that 
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may be added to each TR of Tables VI and VII. Table XX shows the limiting 
mumber for Tables XVI and XVII. However, where the number of differentials 
of Tables VI and VII is given as a range without change of the TR load per 
differential, the limiting number of CT's in each differential branch may 
be increased if the system does not utilize the maximm number of TDX's. 
The number of CT units in each differential branch may be determined by the 
following formula: 


a a2 EQUATION NO. (12) 
Net = Net 
Nam - 1 
where 
ct = new value of CT load per TR in the differential branch 
Not = Cf load per TR of Table VII in the differential branch 
Ng = actual number of TDX's carried in the system 


Ng@m = maximum number of TDX units allowed in the system 


As an example, consider the following system from Table VI: 37TRX4A - (1 to 
7), 18TDX4C - (1), 18TR4B or 18TRX4A per TDX. If 11CT4E units are used, 
reference to Table X shows that ny = 3. Assuming ng = 4, solution of 
equation (12) yields n'¢, = 


5.2.2.3 Mixed System C. In this system, a branch consisting of a TDX 
with its load of TR's is removed from a torque system of Tables VI and VII 
and replaced by one or more CDX-CT branches. Tables XI and XXI show the 
limiting number of CDX's and the limiting number of CT's per CDX that my 
replace a TDX-TR branch. 


5.2.2.4 Discussion of Tables IX, X, XI, XIX, XX, and XXI, Paragraphs 
5.3.1.4 a, b, and c regarding use of power-factor-correcting capacitors for 
CDX and CT units, grouping of CT's and mixing of CT's, respectively, are 
equally applicable with regard to Tables IX, X, XI, XIX, XX, and XXI. 





5.3 Load limits for S~20708 in control tems . 


5.3.1 Control system arrangements. The quantity of synchros that may 
be carried in a control system depends upon the specific arrangement of the 
system. The three arrangements shown on Figure 60 are discussed in the 
following paragraphs. The third arrangement is a combination of the first 
two. Note on Figure 60 that CT and CDX units are provided with power- 
factor-correcting capacitors. In this manner, the systems can carry about 
three to four times as many CDX and CT units connected directly to the &%, 
and CT units connected directly to the differential. The primary factors 
that limit synchro loading for the systems shown on Figure 60 are: 


a. The limiting temperature rise of the CX and CDX units, produced 
by their respective load currents. 
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b. The allowed system regulation as a percent drop in voltage 
gradient of the control transformers, contributed by the CX, CDX and load 
impedance of the CT units. 


c. The permissible load impedance on CT units, so as to limit the 
percent drop in voltage gradient and the reflection of position errors 
among CT units. In determining synchro loading limits, some allowance is 
made in the values of corrected energizing current of the CT and CDx units 
to account for normal variation in supply frequency and for variation in 
optimm capacity among units of the same type. 

5.3.1.1 Control System A. The maximm mumber of CT's is determined by 
limiting system regulation, or the drop in voltage gradient of the CT, to 
approximately 10 percent in 400-hertz units or 15 to 20 percent in 60-hertz 
units. CX voltage regulation is limited to approximately 4 percent in 400- 
hertz units or 10 percent in 60-hertz units. The following equations are 
applicable: . 


VRg = VRoy + VRet EQUATION NO. (23) 

Tox = Net Tet costot EQUATION NO. (14) 
where 

VRg = system regulation or drop in voltage gradient of a cT 


n 


voltage regulation of CX, or COX used as a CX, due to 
unity power factor load current it delivers to all units 


VRet = voltage regulation of a CT due to a minimm load 
i of 15,000 ohms across its secondary 


Tex = total corrected energizing current drawn from the CX or 
CDX used as a CX, by its load of CT's 


Net = mmber of CT's in the system 

Tet = energizing current required by a CT 

COosBcy = power factor of a CT 
Since VR, is limited to approximately 10 percent for 400 Hz, 15 to 20 
percent for 60 Hz, and is measured, VRex may be calculated from 
equation (13). From experimentally determined data on voltage regulation, 
Igy for the calculated value of VR, is obtained. Substituting this value 
of Icy and the corrected energizing current of a CT, namely, I4 cos@ct, 


into equation (14), the limiting mmber of CT's may be calculated. The 
results for Control System A are shown in Tables XII and XXII. For the 
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specified loads, all units operate within their allowable temperature rise 
values. 


5.3.1.2 Control System B. The maximum mumber of CT's and CDX's is 
determined by limiting system regulation, or the drop in voltage gradient 
of the CT, to approximately 10 to 20 percent. Also, voltage regulation of 
the CX is limited to about 3 to 4 percent in 400-hertz or 10 percent in 60- 
hertz units, and similarly for the CDX. The following equations are 
applicable: 


VRg = VRex + VRodx + VRet EQUATION (15) 
Ta = Net/aax Tet COS8ct EQUATION (16) 
Tp = Todx COS cx EQUATION (17) 
Tox = NedxlIa + Ip] EQUATION (18) 


where 
= system regulation or drop in voltage gradient of a CT 
= voltage regulation of CX, or CDX used as a CX, due to 
unity power factor load current it delivers to all units 


VRg 

VRex 

VRogx = voltage regulation of a CDX due to unity power factor 
load current it delivers to its load of CT's 

VRet 


= voltage regulation of a CT due to a minimm load 
impedance of 15,000 ahms across its secondary 


Ta = total corrected energizing current drawn fram a CDX by 
its load of CT's 


Not/odx = umber of CT's carried by a CDX 

Tot = energizing current required by a CT 

cos6gt = power factor of a CT 

Ip = corrected energizing current drawn by a CDX 
Toax = energizing current required oy a COX 


COS6B a3, = power factor of a CDX 


Tox = total load current delivered by the CX, or CDX used as 
a CX, to power-factor-corrected CDX's and CT's 
Nodx =~ Quantity of CDX’s used in. the system 
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To simplify calculations, nog, is selected as 1 for each new CX-<DX 
combination. The mumber of CT's carried by the differential is arbitrarily 
selected. For this condition, equations (16), (17), amd (18) are solved. 
From experimentally determined data on voltage regulation, VR, and VRex 
corresponding to Ip, and I,, respectively, are calculated. As VRy isa 
measured value, al) terms on the right side of equation (15) are known. 

The values of regulation for the terms in equation (15) are compared with 
the limiting values specified. The mmber of CT's carried by the 
differential is then decreased or increased as required, ard the above 
Procedure repeated until a limiting loading factor is reached. The process 
described above is repeated as ngy, is increased progressively by one, 
until the limiting mmber of differentials is reached. The results for 
Control System B are shown in Tables XIII and XXIII. For the specified 
loads, all units operate within the allowable temperature rise values. 


5.3.1.3 Control System C. There are two CT loads in this system; cT 
load 1 connected directly to the CX, and CT load 2 connected directly to 
the COX. System regulation, or drop in voltage gradient of the CT, is 
always poorer for load 2 because voltage regulation of the CX affects both 
Cf loads equally, but voltage regulation of the Cox is included in the 
system regulation for the CT's in load 2 only. For this reason, Table XIV, 
which lists the loads for this system, gives the limiting drop in voltage 
gradient for CT's in load 2 only. The same approach and equations hold for 
this system as for Control System B, except that VR,, and I,, include the 
leading due to the CT's energized directly by the CX (nq for load 1). 
Using the load limits of System B as the starting point, the Cr's in load 2 
are reduced by 1, 3. . . units per CDX, until each COX carries one CT. 
For each such reduction in load 2, the corresponding allowable increase in 
Net for load 1 is calculated. 


5.3.1.4 Discussion of Tables XII, XIIZ and XIV. The following notes 


apply in connection with Tables XII, XIII and XIV. 


a. All differentials energized from synchro transmitters and all 
control transformers are to be used with power-factor-correcting 
capacitors. The values for these capacitors are tabulated in Table VIII. 
Without power-factor-correcting capacitors, the differential and CT loads 
would be reduced to between one-third and one-fourth of the values shown in 
Tables XII, XIII and XIV. 


b. l1CT4E and 1S5CT4C units are considered as a group in Tables 
XII through XIV because they have approximately equal weight on the system. 
Similarly, 18CT4C and 23CT4C units are considered as another group. The 
indicated quantity of CT's allowed for one group in Tables XII through XIV 
can be made up of either one type of CT or of both types of CT's in that 
group. 


c. All systems carry more units of the 18CT4C and 23CT4C group 
than of the 11CT4E and 15CT4C group. These two groups of CT's may be mixed 
by proportional weight. For example, the system 23CX4D CT of Table IX may 
be used with the following subdivisions of load: 
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Quantity of CT's at Full Load 


11CT4E or 15cTr4c 18CT4C or 23CT4C 
0 70 






da. The indicated load on each transmitter may be increased by 
approximately 100 percent when the control transmitter is replaced by a 
torque transmitter of the same size. For Centrol System C, Table XIV, this 
implies a 100 percent increase in load 1 and in the indicated number of CDX 
units, without altering the indicated load 2 per CDX unit. This larger 
load with the TX will not deteriorate the voltage gradient. However, the 
mull voltage output of the CT units will likely be larger with the torque 
transmitter. 


e. Blocking bars are used in Tables XII through XIV to indicate 
that no satisfactory system can be formed within the indicated area. 


5.3.1.5 Discussion of Tables II, XXIII and XXIV. The following 
notes apply in connection with Tables XXII, XXIII and XXIV. 


a. All differentials energized from synchro transmitters and all - 
control transformers are to be used with power-factor-correcting 
capacitors. The values for these capacitors are tabulated in Table XVIII. 
Without power-factor-correcting capacitors, the differential and CT loads 
would be reduced to about one-third of the values shown in Tables XXII, 
XXIII and XxIv. 


b. The 15CT6D and 23CT6D units are considered as a group in 
Tables XXII through XXIV because they have approximately equal weight on 
the system. The indicated quantity of CI's allowed in Tables XXII through 
XXIV can be made up of either one type of CT or of both types of CT's. 


c. Of the three types of control transmitters and control 
differential transmitters that were available (18CDX6D, 23CX6D and 
23CDX6C), only two satisfactory control systems can be set up. 
Consequently, available torque transmitters and torque differential 
transmitters were added in the determination of control systems. The CT 
null voltages of these systems may be several times higher than the CT null 
voltages for systems made up of control units only, because 60-hertz torque 
synchros generally have higher mull voltages than control synchros. 
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d. Blocking bars are used to indicate that no satisfactory systems 
can be formed within the. indicated area. 


6. SYNCHROS IN ACTION 


6.1 Synchro systems. Synchros are seldom used singly. They work in 
teams, and when two or more synchros are interconnected to work together, 
they form a synchro system. Such a system may, depending on the types and 
arrangement of its components, be put to uses which vary from positioning a 
sensitive indicator to controlling the motors which move a gun turret 
weighing many tons. If the synchro system provides a mechanical output 
which does the actual positioning, as in the case of the indicator, it is a 
torque system. If it provides an electrical output which is used only to 
control the power which does the mechanical work, it is a control systen. 
Conzrol synchros are usually part of a larger system called a servo, or 
automatic control, system. In many cases, the same system is called upon 
te perform both torque and control functions. : 


6.2 Torgue synchro systems. The individual synchros which make up a 
torque system are designed to meet the demands placed on them by the 


mechanical load which such a system is expected to handle. 


6.2.1 Transmitter and receiver. The simplest synchro system consists 
of one torque transmitter and one torque receiver connected in parallel as 
shown on Figure 61. It should be emphasized that the chief difference 
between the transmitter and the receiver is one of function. The 
transmitter is the unit whese shaft is turned; the receiver is the unit 
whose shaft follows. The two are not always interchangeable. They are 
electrically identical, but the receiver usually has an inertia damper ard 
certain other refinements not present in the transmitter. In the following 
examples, forces equal and opposite to those turning the receiver rotor are 
present in the transmitter but do not affect its rotor position because the 
rotor is not free to turn. In practice, the transmitter rotor is 
mechanically connected, usually by gears, to the mechanism furnishing the 
information to be transmitted. The outstanding characteristic of the 
transmitter-receiver system is that, as soon as both rotors are connected 
in parallel to the same AC source, the receiver rotor assumes amd holds the 
same electrical position as the transmitter roter. Unless the transmitters 
and receivers are energized from the same AC source, the system cannot 
function properly. If the transmitter is positioned at 0 degrees, the 
receiver rotor turns to and remains at 0 degrees. If the transmitter is 
turned to 30 degrees, the receiver turns with it to 30 degrees. 


6.2.1.1 Rotors in corresponding positions. Consider first the 
conditions existing in the transmitter-receiver system shown on Figure 62. 
Both transmitter and receiver rotors are at 0 degrees. In the transmitter, 
a maxim voltage of 52 volts is induced in the S2 coil by the alternating 
magnetic field of the roter coil because the coupling between these two 
coils is maximm at 0 degrees. The $1 and S3 coils are so wound that at 
0 degrees, the induced voltage across each coil is 26 volts, in phase with 
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the S2 voltage, but less than maximm because $1 and S3 are less closely 
coupled to the rotor in this position. Since the receiver is electrically 
identical to the transmitter and the two rotors are connected in parallel, 
the voltage induced in each receiver stator coil exactly equals that of the 
corresponding transmitter stator coil. Notice, however, that in each case 
it also opposes the transmitter coil's voltage. The transmitter and 
receiver are like two AC generators producing equal voltages but working 
against each other. No current can flow in the transmitter through S1 and 
$2, or S3 and S2, because in the receiver equal and opposite voltages 
across $1 and S2, and across S3 amd S2, oppose the current flow. In each 
complete electrical stator circuit of the system, the sum of the voltage is 
zero. No current flows in the stator coils to establish a magnetic field; 
therefore, no force is exerted on the rotors. 


* NOIE * 


The fact that the rotors in this example 
are at electrical zero is not important. 
Similar static conditions result from 
any angular rotor position so long as it 
is the same for both rotors. 


6.2.1.2 Rotors not in corresponding positions. Assume now that the 
transmitter rotor is suddenly turned to 30 degrees. The induced voltages 
across S2 and S3 immediately drop because coupling to the rotor has been 
decreased. Increased coupling increases the voltage across S1. The 
balance between transmitter and receiver stator voltages has been 
destroyed, and current flows in each stator circuit in direct proportion to 
the voltage unbalance existing in that circuit, as shown on Figure 63. 


6.2.1.2.1 Affect on the receiver rotor. Examine the magnetic 
polarities established in the system at a particular instant, such as that 
assumed on Figure 64. It can be seen that in the receiver, each stator is 
acting as an electromagnet to turn the rotor in a counterclockwise 
direction. Since the rotor is free to move, it rotates to 30 degrees. At 
this point, it again induces stator voltages equal to those of the 
transmitter, current stops flowing in the stator coils, and their magnetic 
fields collapse. 


6.2.1.2.2 Affect of different rotor positions. The same general idea 
works in any case where the two rotors are in different positions, 
regardless of what those individual positions may be. Figure 65 shows how 
the stator voltages and currents behave if the transmitter rotor is turned 
to 120 degrees while the receiver rotor is held at 60 degrees. In this 
example, coupling of the two rotors to corresponding stator coils differs 
more than in the previous case. The unbalanced voltages are, therefore, 
greater, ard more stator current flows. As a result, the magnetic pull 
tending to turn the two shafts to identical positions is stronger than 
before. Figure 66 shows the magnetic polarities existing at a particular 
instant for this difference in rotor positions. 
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6.2.1.3 Reversing direction of receiver rotation. when the teeth of 
two mechanical gears are meshed, the gears turn in opposite directions. If 
a third gear is added, it turns in the same direction as the first. This is 


not force is applied to the device in the same direction as that in which 
the receiver rotor turns depends on whether the mmber of gears in the train 
is odd or even. The important thing, of course, is to move the dial ar 
other device in the right direction, and even when there are no gears 
involved, this may be opposite to the direction in which the receiver rotor 
of a normally connected system would tuum. Either of these two factors, ard 
sometimes a combination of both, may make it necessary to have the 
transmitter turn the receiver roter in a direction opposite to that of its 
om rotor. This is accomplished by reversing the S) and S3 comnections of 
the transmitter-receiver system, so that S1 of the transmitter is connected 
to $3 of the receiver and vice-versa. 


6.2.1.3.1 Rotors at various degrees. With the rotors at 0 degrees, 
conditions within the system remain the same as with normal stator ~ 


connections, since the roter coupling to S1 ard S3 is equal. But suppose 
that the transmitter rotor is turned counterclockwise to 60 degrees as 
shown on Figure 67. In the transmitter, maximm rotor coupling induces 
maximm voltage across $1, which causes maximm current to flow through S3 
in the receiver. The magnetic forces produced turm the receiver rotor 
clockwise into line with $3, the rotor's 300-degree position. At this point 
the rotor again induces voltages in its stator coils which equal those of 
the transmitter coils to which they are connected. Notice that only the 
direction of rotation changes, not the amount; 300 degrees is the same as 
minus 60 degrees. 


* NOTE * 


It should be emphasized here that the 
S1 and S3 connections are the only ones 
ever interchanged in a standard synchro 
system. Since S2 represents electrical 
zero, changing the S2 lead would 
intreduce 120-degree errors in heading. 


6.2.1.4 Stator qurrents. Whenever the rotors of two interconnected 
synchros are in different positions, current flows in the stator windings. 
The strength of the current flowing in each stator lead depends on the 
difference between the voltages induced in the two coils to which the lead 
connects. This voltage unbalance, in turn, depends on two things: (1) the 
actual positions of the rotors, and (2) the difference between the two 
positions. 
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6.2.1.4.1 Effect of difference between two positions. Suppose that an 
ammeter is inserted in any one of the stator leads (the S2 lead, for 
example), and that the two rotors are held so that there is a constant 
difference between their positions while they are rotated together until a 
point is found at which the ameter indicates maximm stator current. If 
the difference between rotor positions is then increased and the rotation 
repeated, a different maximum reading is obtained. Each time the 
difference between rotor positions is changed, the maximm stator current 
that can be obtained by varying actual rotor positions is changed. 
Figure 68 is a graph showing how the value of the maximm stator current 
depends on the difference between rotor positions in a typical case. 


* NOTE * 


In practical operation, the position of 
the receiver's shaft. would never be 
more than a degree or so away from the 
transmitter's, so that maximum stator 
current under normal corditions would 
be less than one-tenth of an ampere for 
the synchros used in this example. 


6.2.1.4.2 Actual rotor positions. To see how actual rotor positions, 
as well as the difference between them, affect individual stator currents, 
it is only necessary to compare the maximum stator current in each lead with 
the strength of the current in that lead as the two rotors are turned 
through 360 degrees. The difference in rotor position with which the 
maxim stator current was established should be maintained while turning 
the rotors. The graphs on Figure 69 show how the current in each of the 
three stator leads depends on the mean shaft position, the position that is 
halfway between the position of the transmitter rotor and that of the 
receiver. 


6.2.1.5 Rotor currents. A synchro transmitter or receiver acts like a 
transformer, and an increase in the stator secondary current results ina 
corresponding increase in the rotor primary current. When the rotor 
current of either of the units is plotted on a graph under the same 
conditions as those used for maximm stator currents, it appears as shown 
on Figure 70. Although all three stator currents are zero when the shafts 
are in the same positions, the rotor current is not. As in any 
transformer, the primary draws some current with no load on the secondary. 
This current produces magnetization of the rotor and supplies its losses. 


6.2.1.6 Why there is no torque at 180 degrees. Since the stator 
current. increases with the difference in rotor position, and since the 
magnetic fields of the stators increase in strength with the stator current, 
it appears the torque or turning force exerted by the receiver's shaft 
should be greatest when the transmitter and receiver rotors are 180 degrees 
apart, but exactly the opposite is true. To understand this, first consider 
the current conditions in the synchro system shown on Figure 71. Since all 
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the voltages aid each other, strong currents flow in all three stator leads. 
If the two units are the same size, the currents are the same as those which 
would flow if three stator leads were shorted together. Obviously, these 
strong currents produce powerful magnetic forces. To see why no torque 
results, consider the polarities existing in the system at the particular 
instant assumed on Figure 72. As powerful as they are, the farces exerted 
on the rotor work against each other in such a way that their effects are 
equal and opposite. The resulting torque is zero. In actual situations, 
the two shafts do not stay in these positions unless held there. The 
slightest displacement of either one destroys the balance, amd they are 
rapidly brought into correspording positions. 


6.2.2 Torque synchro systems containing differential units. ‘The 
demands on a synchro system are not always so simple as the positioning of 
an indicating device in response to the information received fram a single 
source. For example, an error detector used in checking fire control 
equipment employs a synchro system to determine the error in a gun tiurret's 
position with respect to the training order supplied by'a dummy director. 
To do this, the synchro system mist accept two signals——one containing the 
training order and the cther giving the turret's actual position. The 
system must then compare the two amd position an indicator to show the 
difference between them, which is the error. Obviously, the simple synchro 
transmitter-receiver systems considered up to this point could not hardle a 
job of this sort. A different type of synchro is needed; ane which can 
accept the position-data signals simltaneously, add or subtract the data, 
ard furnish an output proportional to the sum or difference which it finds. 
This is where the synchro differential comes into the picture, because a 
differential can perform all three of these functions. 


6.2.2.1 Differential units. Synchro differential units are discussed 
briefly in 4.9. The stator of a differential is similar to that of the 
simple transmitters and receivers discussed in the preceding paragraphs, but 
the rotor is totally different. It is wound with three coils instead of 
one. It is assumed in the schematic diagrams of synchro differentials that 
the three rotor coils tum around an A axis in the center of the diagram, 
the electrical position of the rotor being shown by the arrow an the R2 
lead. If AC arrent is flowing in either the stator or rotor coils, the 
voltages induced in the other group depend on the position of the rotor, 
since this determines how closely the coils are coupled to one another. If 
all circuits are complete, currents flow in both rotor and stator ooils. 
These currents generate individual magnetic fields around each coil. The 
strength and direction of the magnetic field is determined by the strength 
and direction of the current flow in the coil. 


6.2.2.2 Resultant magnetic fields in a transmitter and differential 
transmitter. Thorough analysis of the interaction of a synchro system 's 


magnetic fields is extremely complex, but the overall effect is Tae 
simple. When current flows in the stator coils of any synchro, individual 
magnetic fields are produced arourd each coil. Lenz's law states that when 
current is flowing as the result of an induced voltage, the magnetic field 
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which the current produces opposes the magnetic field which induced the 
voltage. In a synchro transmitter, the stator voltages are induced by the 
fluctuating magnetic field of the rotor. The individual magnetic fields 
around the stator coils therefore oppose the field of the rotor, and the 
stator coils are so wound and positioned that the individual fields combine 
to produce a resultant stator field which is opposite to the field of the 
rotor. 


6.2.2.2.1 Direction of magnetic fields. The stator leads of a TX 
(torque transmitter) are connected to the corresponding stator leads of a 
TDX (torque differential transmitter) on Figure 73. The resultant stator 
field (shown by open arrow) produced in the TX directly opposes the TX rotor 
field (shown by solid arrow), since corresponding stator coils of the two 
units are in series. For example, if S2 of the TX is in series with S2 of 
the TDX, the current flow produces a resultant stator field of equal 
strength in the TDX. However, currents in corresponding stator coils of the 
TDX are opposite in direction. The direction of the stator field in the TDXx 
is, therefore, opposite to the direction of the TX stator ‘field, but 
identical to the direction of the TX rotor field. The TDX rotor coils are 
angularly spaced 120 degrees apart, in the same manner as the TX stator 
coils. The TDX stator field is identical to the TX rotor field, neglecting 
small circuit losses. The result is that the TDX stator field acts upon 
the TDX rotor just as the TX rotor field acts upon the TX stator. If the 
stators of a TR (torque receiver) are connected to corresponding rotor 
coils of the TDX, rotating the stator field of the TDX with respect to the 
rotor produces the same effect in the TR as turning the rotor of a TX in 
previous examples. 


6.2.2.2.2 Position of stator field in relation to roter is controlling 
factor. Before considering such an arrangement, however, it must be made 
clear that the controlling relationship in the TDX is the position of the 
TDX stator field with respect to the rotor, not with respect to the TDX 
stator. Suppose that the TX rotor in the previous example is turned to 75 
degrees, and the TDX rotor is turned to 30 degrees as showm on Figure 74. 
The TDX stator field is now positioned at 75 degrees with respect to S2, but 
the angle at which it cuts the TDX rotor is 45 degrees, using the R2 axis as 
a reference. This is the angle which determines the signal which the TDX 
transmits. Notice that turning the TDX rotor 30 degrees counterclockwise 
decreased the angle between the TDX stator field and R2 by that amount. 


6.2.2.3 How the differential transmitter subtracts. The manner in 
which the torque system containing a TDX subtracts one input from, or adds 
it to, the other can be figuratively described as the positioning of the 
magnetic fields. Figure 75 shows such a system connected for subtraction. 
A mechanical input of 75 degrees is applied to the TX amd converted to an 
electrical signal which the TX transmits to the TDX stator. The TDX 
subtracts its own mechanical input from this signal, and transmits the 
result to the TR, which provides the torque system's mechanical output in 
’ the position of its rotor. 
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6.2.2.3.1 Rotors tured to 0 degrees. To understand how this result 
is accomplished, consider conditions in a TX~TDX-TR system when the TX and 
TOX rotors are turned to O degrees, as illustrated on Figure 76. It has 
been shown how torque is developed in a synchro receiver to bring its rotor 
into a position which corresponds to that of an associated transmitter. In 
the TX~TOX-TR system now being considered, the TDX stator field has taken 
the place of the TX rotor, as far as the TR is concerned, and the TDX rotor 
has taken the place of the Tx stator. The TR rotor, therefore, follows the 
angular position of the TDX stator field with respect to R2 of the TDX. 
Since this is 0 degrees, the TR rotor turns to that position, and the 
system has solved the equation: 0 degrees - 0 degrees = 0 degrees. 


6.2.2.3.2 Maqnetic fields. On Figure 76, the directions of the TDX 
rotor field and the TR stator and rotor fields are also indicated. 
Theoretically, when the system is in perfect balance, the TDX rotor 
voltages equal and oppose the TR stator voltages, so that no current flows 
in these circuits. Actually, there is usually a slight unbalance in rotor 
positions due to friction in the TR, even under static conditions, and weak 
magnetic fields are generated. The purpose of the arrows is to indicate 
the directions which the various magnetic fields assume as they swing into 
position. Notice that a voltage unbalance between the TDX rotor and the TR 
stator produces a TDX rotor field which opposes the TOX static field, while 
the torque produced in the TR turns that rotor field so that it lines up 
with the TR stator field when the system comes into balance. This does not 
contradict Lenz's law, because the TR rotor is separately excited and its 
field is not the result of voltages induced by the TR stator field. 
Whenever two independent magnetic fields are in close proximity, they 
immediately align themselves if either is free to move. 


6.2.2.3.3 With TDX rotor at 9 degrees and TX rotor at 75 degrees. The 
illustration on Figure 77 assumes that a 75-degree input is applied to the 
system by turning the TX rotor to the 75-degree position. The TDX stator 
field follows, and since the TDX rotor is at 0 degrees, it also induces a 
75-degree signal which the TDX roter transmits to the TR. The TR rotor 
accordingly turns to 75 degrees, and furnishes the system's mechanical 
output. This illustrates an important rule: 


Whenever the TDX rotor is at 0 degrees, the 
input and output voltages of the TDX are equal, 
and nothing is subtracted from ar adkied to the 
TX signal. ‘The TR rotor follows the TX roetar 
exactly. In the present case, the system has 
solved the equation: 


75 degrees - 0 degrees = 75 degrees. 
6.2.2.3.4 With IDX rotor turned to 30 degrees. The actual subtracting 
function of the TDX becomes more apparent when its own roter is turned to 30 
degrees (see Figure 78). The TDX stator field remains at 75 degrees, 
controlled by the position of the TX roter; but its angular position with 
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respect to R2 is decreased by 30 degrees. The signal induced in the TDX 
rotor and transmitted to the TR is 45 degrees, the TDX having subtracted the 
amount. which its own rotor is turned fram the signal transmitted by the TX. 
The equation solved now reads: 75 degrees - 30 degrees = 45 degrees. 


6.2.2.3.5 Clockwise rotation of TDX. The TX-IDX-TR system treats a 
clockwise rotation of the TDX rotor as a negative value. Suppose the TDX 
rotor is now turned from 0 degrees clockwise to 330 degrees with the TX 
rotor still at 75 degrees (see Figure 79). The rotation is, in effect, 
through an angle of minus 30 degrees, which is the amount that the TDX 
subtracts fram the signal transmitted by the TX. The angle between the TDX 
stator field and R2 is increased to 105 degrees, ard this is the signal 
transmitted to the TR, whose rotor turns to a corresponding position: 

75 Gegrees + 30 degrees = 105 degrees. 


6.2.2.4 How the differential transmitter adds. Frequently, it is 
necessary to set up a TX-TDX-TR system for addition. This is done by 
reversing the S1 and S3 leads between the TX and TDX stators and the Ri and 
R3 leads between the TDX rotor and the TR. With these connections, the 
system behaves as illustrated on Figure 80. The 75- and 30-degree 
mechanical inputs applied respectively to the roter of the TX and the rotor 
of the TDX are added and transmitted to the TR, whose rotor provides an 
output equal to their sum by turning to 105 degrees. 


6.2.2.4.1 Effect of individual stater fields. The reason for this 
behavior lies in the effect of the individual stator fields on the 
resultant stator fields of both the TX and TDX. Consider what happens when 
the TX rotor is turned to 75 degrees while the TDX is set at 0 degrees (see 
Figure 81). In the TX, with the rotor at 75 degrees, increased coupling 
between the rotor and $1 increases the current in, and consequently the 
magnetic field around, that coil while the field strengths of S2 and S3 
decrease proportionately. This causes the resultant field of the TX 
stators to rotate counterclockwise, remaining directly opposed to the rotor 
field. The system is now connected so that the increased current in Si of 
the TX flows through S3 of the TDX, while decreased currents flow through 
$1 and $2. In the TDX, therefore, the strong field around S3 has a greater 
effect on the resultant stator field, which rotates 75 degrees clockwise. 


6.2.2.4.2 Reversal of Rl and R3 leads. However, the R1 and R3 leads 
between the TDX and the TR are also reversed. Just as in the simple TX-TR 
system with Sl and $3 leads interchanged, torque is developed in the TR 
which turns the rotor in a direction opposite to the rotation of the TDX 
stator field. Thus, the TX-TDR-TR system connected for addition behaves in 
the same way as the system connected for subtraction as long as the TDX 
rotor is at 0 degrees. The TR rotor follows the TX rotor exactly. 


6.2.2.4.3 Effect of TDX turned to 30 degrees. When the TDX rotor is 
turned to 30 degrees (Figure 82), the angle between the TDX stator field 
and R2 is increased by that amount. This appears to the TR as an 
additional rotation of the TDX stator field. In transmitting the TX signal 
to the TR, the TDX adds the amount its own rotor turns. 
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6.2.2.5 The differential receiver. As previously explained, the 
differential receiver mainly varies from the differential transmitter in 


its application. The TDX in each of the previous examples combined its on 
input with the signal from a synchro transmitter and transmitted the sm or 
difference to a synchro receiver, which provided the system's mechanical 
output. In the case of the differential receiver in a torque system, the 
differential unit itself provides the system's mechanical output, usually 
as the sum or difference of the electrical signals received fram two 
synchro transmitters. Figure 83 illustrates this operation in a system 
consisting of two TX's and a TOR (torque differential receiver) 
interconnected for subtraction. 


6.2.2.5.1 How the differentia) receiver subtracts. In considering the 
operation of the TOR, it is important to remember that its rcoter currents 
do not flow as a direct result of the rotor voltages induced by the 
fluctuating stator field, but only as the result of an unbalance between 
these induced voltages and the induced stator voltages of the TX to which 
the TDR rotor is connected. When the rotor of this TX is turned, its 
stator voltages are changed, and current flows in both the TX stator and 
TOR rotor coils. The TOR rotor field established by these currents rotates 
in the same direction, with respect to R2, as the TX rotor. Unless the 
rotor of the TX connected to the TOR stator is turmed by an equal amount, 
the TDR rotor and stator fields are displaced with respect to each other, 
and a strong magnetic torque immediately operates to bring the two fields 
back into alignment. Since the TDR rotor is free to move, it rotates 
accordingly, restores the voltage balance in the TOR rotor cirquits, and 
reduces current flow to a low value. Figure 84 shows how this works in a 
system connected for subtraction when the TOR rotor is initially at 0 
degrees, and the rotors of the two Tx's are rotated from 0 degrees to 75 
degrees and 30 degrees as shown. The signal from the TX connected to the 
TDR stator rotates the resultant stator field 75 degrees counterclockwise. 
In a similar manner, the signal from the other TX to the TOR rotor also 
rotates the resultant roter field counterclockwise 30 degrees with respect 
to R2. However, since the two resultant fields are not rotated by equal 
amounts, torque is developed to bring them into alignment. The rotor 
therefore turns to 45 degrees, at which point the two fields are aligned. 
To bring its resultant field into alignment, the TOR rotor need only be 
turned through an angle equal to the difference between the signals 
supplied by the two Tx's. This is the requirement of the systen. 


6.2.2.5.2 How the differential receiver adds. To set up the system 
just considered for addition of the inputs to the two TxX's, it is only 
necessary to reverse the Rl and R3 leads between the TDR rotor and the TX to 
which it is connected. With these connections reversed, the system operates 
as shown on Figure 85. Figure 86 illustrates how resultant magnetic fields 
are positioned to produce this result, again assuming that the TOR roter is 
initially at 0 degrees, while the two TX rotors are turned from 0 degrees to 
75 degrees and 30 degrees as shown. The TOR stator field still rotates 
counterclockwise 75 degrees, but because of the reversed R1 and R3 
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connections of the TDR rotor, the rotor field rotates 30 degrees clockwise. 
The angular displacement of the two fields with respect to each other, then, 
is the sum of the signals transmitted by the two TX's. The magnetic force 
pulling the TOR rotor field into alignment with that of the stator turns the 
TOR rotor to 105 degrees. 


6.2.3 Rules for connecting a differential unit. By interchanging 
various connections between a differential unit and the two synchros with 
which it is associated, it is possible to obtain several different 
relationships between the shaft positions of the three units. All the 
connections which may be used in a standard differential system are shown 
on Figure 87, with the corresponding relationship between shaft positions. 
The unit types are not specified in the illustration, since this varies 
with the application of the system. This does not affect the relationship 
of the shaft positions. 


6.2.4 Factors that affect the accuracy of a to; 
The accuracy of a synchro system is probably its most important 
characteristic. Torque system accuracy is determined by how closely the 
system's output shaft approaches the position indicated by the system's 
input or inputs. In such a system, perfect accuracy is never obtained. 
Regardless of how carefully receivers are constructed, electrical error and 
error due to friction and load, called receiver error, are always present. 
A small, bot measurable, amount of torque is required to overcome this 
friction; and when a receiver rotor is in perfect alignment with the signal 
applied to its stators, no torque is produced. The receiver lags slightly 
before producing enough torque to overcome brush and bearing friction, and 
this lag is present as an error in any torque systen. 


6.2.4.1 Simple torque systems. In a torque system consisting of one 
transmitter and one receiver, two important factors must be considered to 
obtain maximum accuracy: 


a. The friction on the shaft of the receiver must be reduced to 
an absolute minimm. To satisfy this requirement, the ball bearings used 
on synchro receivers are selected with extreme care and factory-lubricated 
according to strict military specifications. It is interesting to note 
that friction on the shaft of a transmitter does not affect the accuracy of 
the system-itself, but only increases the power required to turn the 
equipment to which it is geared. This does not mean that transmitter 
friction is unimportant, because the drag which a synchro system places on 
associated equipment is always a factor to be considered; but the 
requirements concerning the mechanical tolerances and lubrication of a 
transmitter are less severe. 


b. The torque gradient of the receiver mst be relatively high 


with to_its combined friction and load, so that a smal) ja 
produces sufficient torque to overcome both. To satisfy the second 


requirement, both the transmitter and receiver mst he large enough to meet 
the needs of the system. ‘The impedance of synchro stator windings 
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increases as the size of the units decreases. If either or both units used 
in a system are too small, the high impedance of the stator windings 
reduces the stator current flow produced by a small lag, and thus reduces 
the receiver's torque gradient. 


6.2.4.2 Torque systems involving a mmber of receivers. In a tarque 
system where either a TX or TOX drives several receivers, the accuracy with 
which each receiver follows the position-data signal applied to its stators 
is determined by the following factors: 


a. The friction and load on the shaft of that receiver. 


b. The friction and loads on the shafts of all the other 
receivers. If any one of the receivers is excessively loaded, or if it 
becomes jammed, the accuracy of the whole system is affected. 


c. The unit torque gradient of the transmitter as related to the 
number and size of the receivers it is driving. If too many receivers are 
connected to a particular transmitter, its output voltages are reduced and 
an excessive overall lag is produced in the system. This was previously 
discussed in section 4. 


6.3 Control synchro systems. The comparatively small mechanical 
output of a torque synchro system is suitable only for very light loads; 
and even when it is not heavily loaded, a torque system is never entirely 
accurate. The receiver rotor requires a slight amount of torque to 
overcome its static friction, and this torque can only be produced by a 
small error in the system. Torque systems place a drag on associated 
equipment, which affects their accuracy. When larger amounts of power and 
a higher degree of accuracy are required as in the training mechanism of a 
heavy radar antenna, torque synchro systems give way to control synchros 
used as components of servo systems. Synchros control and servos provide 
power. 


6.3.1 The control transformer. The distinguishing unit of any synchro 
control system is the control transformer (CT) described in paragraph 
3.1.1.7. Remember that the CT is a synchro designed to supply, from its 
rotor terminals, an AC voltage with magnitude and phase dependent on its 
rotar position and on the signal applied to the three stator windings. The 
behavier of the CT in a system differs from that of the synchro units 
previously considered in several important respects. 


a. Since the rotor winding is never connected to the AC supply, 
it induces no voltages in the stator coils. As a result, the CT stator 
currents are determined only by the voltages applied to the high impedance 
windings. The rotor itself is wound so that rotor position has very littl 
effect on the stator currents. 
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b. There is never any appreciable current flowing in the rotor 
because its output voltage is always applied to a high impedance load of 
10,000 ohms or more. Therefore, the rotor does not turn to any particular 
position when vcltages are applied to the stators. The rotor shaft of a CT 
is always turned by an external force, and produces varying output voltages 
from its rotor winding. 


c. Like synchro transmitters, the CT reguires no inertia damper; 
but unlike either transmitters or receivers, rotor coupling to S2 is 
minimum when the CT is at electrical] zero (see Figure 88). 


6.3.1.1 Relationship of the stator voltages in a CT to the resultant 
magnetic field. When current flows in the stator circuits of a CT, a 
resultant magnetic field is produced. This resultant field can be rotated 
by the signal fram a synchro transmitter or synchro differential 
transmitter in the same manner as the resultant stator field of the TDX 
previously considered. When the resultant field of the CT stator is at 
right angles to the magnetic axis of the rotor, the voltage induced in the 
roter is zero. When the resultant field and the rotor'’s magnetic axis are 
aligned, the induced rotor voltage is maximm. Since no opposing voltages 
are induced in the stator of the CT, the effective strength of the 
resultant field is constant, regardless of its position. The strengths of 
the individual fields which make it up, however, vary with the current in 
the individual stator coils and, therefore, with the individual stator 
voltages. This means that the phase and magnitude of the stator voltages 
determine the direction of the resultant magnetic field. Since the CT's 
output is expressed in volts, it is convenient to consider its operation in 
terms of stator voltages, as well as in terms of the position of the 
resultant magnetic field. However, it should be remembered that it is the 
angular position of this fluctuating magnetic field with respect to the 
rotor axis that determines the output of the CT. 


6.3.1.2 Operation of the control transformer_with a synchro 
transmitter. Consider the conditions existing in the system shown on 
Figure 88, where a CT is connected for operation with a CX (control 
transmitter) and the rotors of both units are positioned at 0 degrees. The 
relative phases cf the individual stator voltages with respect to the Ri to 
R2 voltage of the transmitter are indicated by the small arrows. The 
resultant stator field of the Cf is shown in the same manner as for the 
TDX. With both rotors in the same position, the CT stator field is at 
right angles to the magnetic axis of the rotor coil. Since no voltage is 
induced in a coil by an alternating magnetic field perpendicular to its 


axis, the output voltage appearing across the rotor terminals of the cT is 
zero. 
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6.3.1.2.1 x 9 
O degrees. On Figure 89, the CI's rotor otar ponition Goes not affect patna 


voltages or currents. The resultant stator field of the CT remains aligned 
with S2. The axis of the rotor coil is now in alignment with the stator 
field. Maximm voltage, approximately 55 volts, is induced in the coil and 
appears across the rotor terminals as the output of the CT. 


6.3.1.2.2 Example of CT at 90 degrees and CX rotor tiummed to 180 
degrees. On Figure 90, the electrical positions of the CX and CT are 90 
degrees apart, the CT stator field and rotor axes are aligned, ard the CT's 
output is maximm again, but the direction of the rotor's winding is now 
reversed with respect to the direction of the stator field. The phase of 
the output voltage is, therefore, opposite to that of the CT in the 
preceding example. This means that the phase of the CI's output voltage 
indicates the direction in which the CT rotor is displaced with respect to 
the position-data signal applied to its stators. 


6.3.1.2.3 Variation of CT output. It is evident that the CT's output 
can be varied by rotating either its roter or the positian-data signal 
applied to its stators. It can also be seen that the magnitude and phase 
of the output depend on the relationship between signal and rotor rather 
than on the actual position of either. The graphs on Figure 41 illustrate 
the difference in the CT output when the CT rotor is first rotated 
360 degrees with the CX rotor at 0 degrees, amd with the CX rotor at 90 
degrees. 


6.3.1.2.4 Summary. The important points to remember about the 
operation of a CT are these: 


a. When the CT's rotor is in the same electrical positian as the 
position-data signal applied to its stator (that is, in the same position as 
the resultant stator field), the electrical output of the unit is at a 
mill. 


b. When displacement with respect to each other is less than 
90 degrees, any change in the angular relationship between the rotor and 
the position-data signal produces a corresponding change in the magnitude 
of the CT's output. 


c. The direction of CT rotor displacement with respect to the 
position-data signal is always indicated by the phase of the CT's output 
voltage. 


6.3.1.2.5 Rotor displaced 180 degrees. As indicated on Figure 41, the 
electrical output of the CT is also zero when the rotor is displaced with 


respect to the position-data signal by 180 degrees. It is, therefore, 
necessary to identify the CT roter position at which 0 volts indicates 
agreement with the signal. In the case of the simple CK-CT combination, 
this is done by the phases of the two rotor voltages. If the CX and CT 
rotors are in the same position, the CT rotor voltage is zero. Turning the 
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roter slightly counterclockwise from the "0 volt" position produces a 
voltage from Ri to R2 on the CT that is in phase with the voltage from Ri 
to R2 on the CX. In practical applications of the CT, its rotor is 
positioned for proper operation in a particular system by one of the 
zeroing procedures described in section 10. Consideration of the servo 
systems discussed in following paragraphs of this section also show that a 
180-degree displacement of the CT rotor can usually be detected in the 
behavior of the system's output. 


6.3.2 Errors in control synchro systems. Three factors which produce 
errors in control systems are (1) electrical error, (2) errors inherent in 
control transformers, and (3) errors resulting fram the use of torque and 
control units in the same system. 


6.3.2.1 Electrical error. As defined in 4.13.5, the difference between 
the actual physical position and the electrical position of a synchro is 
known as electrical error. Consider a control system consisting of a 
control transmitter and a contro] transformer. If the CX and CT each have 
an electrical error of 12 minutes, the total possible electrical error is 
24 minutes or nearly half of one degree. Adding a control differential 
transmitter having an electrical error for rotor and stator of 10 minutes 
each to this system, the total error increases to a possible 44 minutes or 
about three~fourths of a degree. The effect of such an error depends on the 
use of the particular system. In a gun training system, a one-half or 
l-degree error becomes more pronounced at increased distances. The fact 
that synchro transmitters, differential transmitters, and control 
transformers are driven does not make them free from electrical errors. 
Manufacturing irregularities in the windings and the magnetic structure are 
inherent in all synchros. 


6.3.2.2 Errors of control transformers. In a simple CX-CT system, it 
usually is assumed that the null position for the CT rotor always occurs 
when the axes of the CX and CT rotors are at 90 degrees displacement; 
however, this is seldom true. As an example, if a CX and CT are so 
positioned that the CT output is minimm and then the CX rotor is turned 
exactly 15 degrees, the CT rotor usually must be turned slightly more or 
less than 15 degrees to again obtain a mull reading. 


* NOTE * 


A mull or minimm reading, rather than 
a zero reading, has been specified. 


The voltage output of a CT never becomes zero, but generally, at corres- 
pondence, falls as low as 50-125 millivolts for 115-volt synchros. Also, 
the mull voltage obtained varies as the CX rotor position is varied. It is 
usual practice for a servo system to operate in such a manner that the CT 
output is a mull. It should be obvious, therefore, that any variation in 
the position at which a null is obtained is reflected as an error in the 
entire system. Corrective measures also mst be taken to compensate for 
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phase shift in a servo. The impedance of the synchro windings causes the 
CT voltage to lead the CX supply voltage. 


6.3.2.2.1 Exror from use of mitiple C's. In a system where more 
than one control transformer is used, if the drive to one of the control 
transformers is inoperative, that CP may intreduce error into the system 
which increases as the angle between its correct and actual position 
increases. 


6.3.2.2.2 Speed error of Cr's. When contro] transformers are rotated 
at high speeds, an additional error may be introduced. This is known as 
speed error. The mull voltage position of the control transformer no 
longer occurs when the CT rotates in synchronism with the transmitter, bit 
ecours when the CT rotor is at an angle to its correct synchronous 
position. The angle depends upon the speed of rotation, amd usually lags 
behind that obtained under static conditions. As the mmber of CT's ina 
system increases, the speed error is apt to increase. Also, the speed 
error for a given speed is comparatively larger for a smaller size 
transmitter. Considering CT's of the same size and rotating at the same 
speed, the speed error is normally less for 400-hertz units than for 60- 
hertz units. Corrective devices are used to compensate for speed error. 


ied Exrors when torque and contro] units are used in the same 
syst Many systems use both torque and contro] units; however, the use 
of tonne units in a control on should be avoided where accuracy is of 
prime importance. 


6.3.2.3.1 Receiver error. In addition to electrical error, TR's ard 
TOR's are subject to receiver error, the difference between the position 
assumed by the TR or TOR and the position transmitted by the TX, which 
often is as great as one degree. Receiver error affects the electrical 
output of the transmitter so that the electrical signal heading on the 
synchro bus differs fram the actual transmitter position. Receiver error, 
also called position error, is caused by brush and bearing friction and the 
actual receiver load. Any increase in friction or load on a TR or TDR, or 
adding more TR's or TOR's to the system, increases the resultant bus error. 
Smaller receivers, sizes 11, 15 and 16, have such a low torque gradient 
value that, as lubricant deteriorates with use and bearings become dirty, 
the receiver error increases. Receivers also are subject to oscillations, 
and irregular or excessive oscillations are reflected as an additional bus 
error. When torque and control units are used in the same 
excitation mst be supplied by a torque transmitter rather than a "control 
transmitter. 


6.4 Servo systems using synchros. A servo, servo system, or 
servomechanism (the three terms mean the same thing) is an automatic 
control device widely used in the Navy and distinguished by several special 
characteristics described here. There are many different types of servo 
systems, not all of which use synchros. This handbook, however, is 
primarily concerned with those which do. 
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6.4.1 Servo systems using control synchros. The purpose of servo 
systems in which contro] synchros are used is to supply larger amounts of 
power and a greater degree of accuracy than is possible with synchros 
alone. Another equally important characteristic of the servo is its 
ability to apply this power automatically, at the proper time, and to the 
degree regulated by the need at each particular moment. All the system 
requires to perform the specific task for which it is designed is an order 
defining the desired result. When such an order is received, the servo 
compares the desired result with existing conditions, determines the 
requirement, and applies power accordingly, automatically correcting for 
any tendency toward error which occurs during the process. To function in 
this manner, a servo system must meet five basic requirements: 


a. It must be able to accept an input order defining the desired 
result andj translate this order into usable forn. 


b. It must feed back, from its output, data concerning the 
existing conditions over which it exercises control. 


c. It must compare this data with the desired result expressed by 
the input order and generate an error signal proportional to any difference 
which this comparison shows. 


d. iIt must, in response to such an error signal, issue the proper 
correcting order to change existing conditions to those required. 


e. It must adequately carry out its own correcting order. 


It follows from these requirements that any servo system is made up, at 
least in part, of certain fundamental components. In functional terms, the 
components normally found in a servo system using synchros are identified 
as a data input device, a data output device, an amplifier, a power control 
device, a drive motor, and a feedback device. 


6.4.2 Classification of servos by use. A convenient classification of 
servo systems can be made in accordance with their uses, of which the two 
most. common are position servos and velocity servos. The position servo is 
used to control the position of its load and is designed so that its output 
moves the load to the position indicated by the input. The velocity servo 
is used to move its load at a speed determined by the input to the system. 


6.4.2.1 Servo systems which do not fit into either category. For 
example, a third type of servo is used to control the acceleration rather 
than the velocity of its load. Special applications of the different types 
are used for calculating purposes, the servo making a desired computation 
from mechanical or electrical information and delivering the answer in the 
form of mechanical motion, an electrical signal, or both. 


6.4.2.2 Position servo. A position servo is one in which the input 
order indicates a position in which the load is to be placed. Figure 91 
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shovs the basic operation of a typical position servo which has wide 
application in Navy equipment. The load, in this case, is a gun turret. 
The overall purpose of the system is to train the gun by means of a remote 
hand crank. The load is mechanically coupled through a gear train to the 
rotor of a CT in such a manner that the turret's position is always 
accurately represented by the position of the roter. An order signal 
expressing the desired position of the load is fed into the servo by 
positioning the rotor of the CX. A corresponding position-data signal 
immediately appears across the CT stator. When this signal differs from 
the actual position of the load, an AC error voltage is developed across 
the CT rotor. The phase of the error voltage is dependent on the angular 
direction in which the load must be moved to agree with the order signal. 


6.4.2.2.1 Positioning the load. The amplifier retains this phase 
distinction, and feeds the amplified signal to the power control device 
where it is converted into power with a polarity or phase relationship 
which drives the motor in the direction necessary to bring the load into 
the desired position. As the load moves, mechanical feedback coupling 
turns the CT rotor toward agreement with the position-data signal. As the 
load approaches the proper position, therefore, less and less power is 
supplied to the motor because of the decreasing error voltage developed in 
the CT. The error voltage reaches zero and power is cut off from the motor 
when the electrical position of the Cr roter agrees with the position-data 
signal across the stator. 


6.4.2.2.2 Oscillation. In an actual system, the momentum of the load 
tends to carry it past the desired position, and a new error voltage is 
developed to drive it back. If unchecked, this action results in hunting, 
which is oscillation of the load around the desired position. In most 
servos, an electronic network known as an anti-hunt system is used to 
minimize this undesirable effect. 


6.4.3 Servo system ratings. Servo systems are qualitatively rated in 
accordance with the following characteristics: 


a. Static error. The angular lag between the input and output 
urder static conditions. A low figure is desirable. 


b. Static error under lead. The angular lag produced between 
input and output by applying a specific torque to the output. A low figure 
is desirable. 


c. Velocity fiqure of merit. This figure is obtained by dividing 
the velocity of the output, expressed in degrees per second, by the angular 
lag between output and input, expressed in degrees, when the system is 
moving its load at a constant speed. It indicates how quickly the system 
responds to a constant input. A high figure is desirable. 


qa. Damping constant. This is related to the transient response 
of a servo. An overdamped servomotor is sluggish and usually responds to a 
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Change without overshooting. A slightly underdamped servamotor usually 
gives a quick response to a change with only moderate overshoot and 
practically no oscillation. A greatly underdamped servomotor will usually 
overshoot badly and oscillate for same time after a change in position is 
called for. The slightly underdamped case is the most desirable. 


e. Acceleration figure of merit. The ratio between a constant 
acceleration of the system, expressed in degrees per second, and the 
angular lag between output and input, expressed in degrees. A high figure 
indicates system ability to follow an increasing ar decreasing input 
accurately and rapidly. 


7. MILITARY SYNCHRO TYPES 


7.1 Designation codes. It is common practice to refer to synchros by 
their official designation; namely, 15CX6C, 18TRX4A, 26V-11TX4C, 5DG, and so 
on. The numerals and letters of a designation identify a synchro by 
correlation with its size and function. ‘Two existing designation codes will 
be described herein for convenience. These are the "Military Standard Type 
Synchro" and the "Pre-Standard Type Synchro". 


7.1.1 Military standard type synchro designation code. This code, 
currently in use, has been designed to fully identify a synchro unit by 
inspection of its nomenclature. Consider the three units (15CX6C, 18TRX4A, 
26V~11TX4C) mentioned above. The first two digits of each unit's 
designation indicate the diameter in inches and tenths of inches, according 
to the following list: 


0.01 to 0.10 = .1 0.51 to 0.60 = .6 
0.11 to 0.20 = .2 0.61 to 0.70 = .7 
0.21 to 0.30 = .3 0.71 to 0.80 = .8 
0.31 to 0.40 = .4 0.81 to 0.90 = .9 
0.41 to 0.50 = .5 0.91 to 1.00 = 1 


Thus, a synchro whose actual diameter is 1.437 inches would be designated 
size 15. 


7.1.1.1 Function of the synchro. The letters of the designation 
relate to the function of the unit. The first letter is either a "C"” for a 


Control type, or "T" for a Torque type. The second letter identifies the 
following specific functions: 


D - differential T - transformer 
R - receiver X - transmitter 


A third letter may be used; for example, "B" for a rotatable stator or 
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bearing-mounted stator. Such devices are not too common and are no longer 
considered standard for new design. 


7.1.1.2 Supply frequency. The mmeral immediately following the 
letters designates the operating frequency of the device. The two common 
power supplies used by the military are: 


6 ~ 60-hertz AC supply 
4 ~ 400-hertz AC supply 


7.1.1.3 Modification. The upper case letter following the operating 
frequency is the modification designation. Therefore, the letter "A" 
indicates the original or basic issue of a standard synchro type. The 
first modification is indicated by the letter "B", and i 
modifications shall be "Cc", "D", and so on, except "I", "L", "Oo" and "Q" 
shall not be used. 


7.1.1.4 Summary. To review, a synchro classified as 15CX6C indicates 
the second modification to the original design of a 115-volt, 60-hertz 
synchro control transmitter whose body diameter is greater than 1.40 
inches, but not greater than 1.50 inches. Type designation 18TRX4A 
indicates the original design of a 115-volt, 400-hertz synchro torque 
receiver-transmitter having a body diameter greater than 1.70 inches, but 
not greater than 1.80 inches. A synchro having a type designation of 
26V-11TX4C indicates the second modification to the original design of a 
26-volt, 400-hertz synchro torque transmitter whose body diameter is greater 
than 1.00 inch, but not greater than 1.10 inches. 


7.1.2 t designati le. The pre-standard 
code identifies a synchro by size (Table XXV) and function (Table XXVI). 
The mumeral indicates the size arbitrarily, whereas the standard code 
discussed previously is direct-reading. 


7.2 Military specifications and standards for synchros. 


7.2.1 Standard synchros. Standard synchros are designed, fabricated 
and tested according to the general specification, MIL-S-20708, approved by 
the Departments of the Army, Navy and Air Force. Requirements for the 
individual synchro types are stated in specification sheets to the general 
specification; for example, MIL-S-20708/1, "Synchro Control Transformer, 
Type 11CT4E." 


7.2.1.1 Design of new equipment. To assure that the services are 
aware of the synchro types presently considered to meet the rigors of use, 
This 


MIL-STD-710, "Synchros, 60 and 400 Hertz", has been prepared. 

standard is revised periodically to inform designers of military equipment 
of those synchros currently recommended for service use. Synchros for new 
equipments are to be selected in accordance with the latest issue of 
MIL-STD-710. Table XXVII lists standard synchros which are arrently 
qualified for use at the date of the revision of this handbook. The latest 
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revision of each synchro's specification sheet should be used in new design. 
Figure 92 shows nine actual units, arranged to show a comparison in their 
size. Table XXVIII lists MIL-S-20708 synchros which are not presently on 
the Qualified Products List, but are capable of meeting the requirements. 


7.2.1.2 Pre-standard synchros. Pre-standard synchros, shown on 
Figure 93 and listed in Table XXIX, have been designated as “obsolete for 
new design." Thus, they may be procured as replacements for failed synchros 
in equipment currently used by the services. However, when such equipments 
are being reordered, the design should be modified to use equivalent 
standard synchros wherever feasible. 


8. HARDWARE, TOOLS, AND MOUNTING METHODS 


8.1 General. To facilitate synchro mounting and attaching gears or 
dials to synchro shafts, several items of hardware have been developed. 
The different mounting methods and the manner in which items of hardware 
are used are described here. Special tools designed for use with the 
different hardware items also are available. The mounting methods 
described here are recommended, but special requirements mat exist for 
specific installations. 


8.2 Hardware for standard units. 


8.2.1 Mounting clamp assembly. The clamp assembly illustrated on 
Figure 94 consists of a captive screw, lockwasher, and clamp. Three clamp 
assemblies, displaced from each other by 120 degrees, may be used to mount 
a synchro or they may be used in conjunction with the adapter assembly or 
zeroing ring as described in 8.2.3 and 8.2.4. 


8.2.2 Clamping disc assembly. A clamping disc assembly consists of a 
clamping disc (see Figure 95), four captive screws, and four lockwashers. 
Assemblies are made for use on MIL~S-20708 size 11, 15, 16, 18, amd 19 
synchros. The four screws fit into threaded holes on the front (shaft end) 
of the synchro and, as illustrated under mounting methods, the pressure of 
the clamping disc against the panel or chassis hclds the synchro in place. 


8.2.3 Adapter assemblies. An adapter assembly, Figure 96, consists of 
an adapter plus four captive screws and lockwashers. These assemblies may 
be used on size 11, 15, 16, 18, ard 19 synchros. The four screws fit into 
the four tapped holes on the front (shaft end) of the synchros. When an 
adapter assembly is used, the synchro is secured to the chassis or panel by 
using three mounting clamp assemblies. 


8.2.4 Zeroing ring. Zeroing rings, Figure 97, are made to fit eight 
sizes of standard synchros. The zeroing ring is a flat spring steel ring 
having one sector with 6 to 20 gear teeth. Adjacent to the geared sector 
is a tongue which fits into a slot in the synchro frame and prevents the 
ring from turning around the synchro. When a zeroing ring is used, the 
synchro is secured to the panel or chassis by using three mounting clamp 
assemblies. 
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8.2.5 Shaft nuts. Gears or dials are usually mounted on the shaft of 
a standard synchro, and the shaft nut, with the drive washer described in 
8.2.6, is used to hold them in place. The three sizes are illustrated on 
Figure 98. The smallest size is made for shafts with size #5-44 thread and 
the larger size far shafts with a 1/4 inch-28 thread. 


8.2.6 Drive washers. When a dial or gear is mounted ona 
shaft, it is essential that there is no backlash between the shaft and the 
dial or gear. Drive washers are splined to fit the shaft, amd are shaped 
so that when the shaft mut is tightened, the teeth will dig into the shaft. 
Two tapered drive dogs engage holes or slots in the dial or gear being 
mounted. The maximm width of the drive dog exceeds the hole diameter or 
slot width so that when the shaft mut is tightened, the drive dogs are 
farced into the holes or slots. ‘The combined action of the oversize drive 
dogs and the teeth digging into the shaft assures an anti-backlash 
Mounting. For locking the shaft nut, tabs are provided which may be bent 
around the mut. The four sizes of drive washer availablé are shown on 
Figure 99. They are made for shaft extensions having 13, 15, 21, or 22 
teeth. Drive washers are either black nickel-plated brass or aluminum 
alloy and, normally, are provided with the synchro. 


8.3 Tools for standard synchros. 


8.3.1 Anquiar adjustment tools. Where synchros are mounted by the use 
of an adapter assembly, clamping disc assembly, or zeroing ring, it is 
possible to adjust them physically for electrical zero by the use of either 
straight or 90-degree pinion wrenches, as shown on Figures 100 ard 101. 

The panel on which the synchro is mounted must be provided with a hole 
located so that when the pinion wrench is inserted in the hole, the teeth 
on the wrench engage the teeth in the adapter assembly, clamping disc, or 
zeroing ring. When the clamping arrangement is loosened, it is possible to 
adjust the synchro accurately for electrical zero. Use of the pinian 
wrenches is illustrated under mounting methods. 


8.3.2 Socket wrench assembly. Socket wrench assemblies, illustrated 
on Figure 102, are designed to hold the splined shaft ty means of an 
internally splined socket, and to tighten the shaft nut with the outer or 
larger socket. Wrenches are available for 13-, 21-, and 22-tooth shafts, 
mut not for the 15-tooth shaft. 


8.4 Methods for mounting standard _synchros. 


8.4.1 From shaft end us using #4-40 screws. Where no angular adjustment 
is required, certain sizes of synchros may be mounted as illustrated on 
Figure 103. Size 11, 15, 16, 18 ard 19 synchros have four equally spaced 
tapped holes for 4-40 screws. When mounting, screws are inserted 
the panel or chassis and into the synchro frame. The depth of the tapped 
portion on the frame is only about 0.125 inch, and it is necessary to avoid 
using screws which are too long. 
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8.4.2 From terminal board end, using a clamping disc assembly. Where ) 
no angular adjustment is required, certain sizes of synchros may be mounted 
by using the clamping disc assembly as illustrated on Figure 104. The 
synchro is inserted into the panel or chassis fram the terminal board end. 
Clamping discs are placed over the panel hole so that the captive screws 
can be screwed into the four holes on the synchro frame. Tightening these 
screws fastens the synchro to the panel. While the four captive screws are 
loose, ee ee eer eee eer ee Se 
positioning. 


8.4.3 From shaft end, using an adapter assembly. When a synchro must 
be inserted into the chassis fram the shaft end, it is possible to mount a 
synchro by using an adapter assembly and three mounting clamp assemblies 
(Figure 105). The adapter assembly is secured to the synchro frame, the 
leads are attached to the synchro, the synchro is inserted into the panel, 
and the adapter assembly is fastened in place by the three mounting clamp 
assemblies. While the mounting clamp assemblies are loose, a pinion wrench 
may be inserted in the hole provided in the chassis and the adapter 
assembly may be rotated for angular adjustment. 


8.4.4 From terminal board end, using an adapter assembly. Figure 106 
shows how a synchro is inserted into the chassis from the terminal hoard 
end secured by an adapter assembly and three mounting clamp assemblies. 


8.4.5 From terminal board end, using three mounting clamp assemblies. 
Another method, which may be used when access is from terminal board end / 
and no angular adjustment is required, is illustrated on Figure 107. The 
synchro is inserted into the hole provided in panel or chassis and secured 
by three clamp assemblies spaced 120 degrees apart. 


8.4.6 From terminal board end, using a zeroing ring. This is the only 
method which may be used for all standard synchro sizes. The zeroing ring 
is first placed on the synchro so that the tongue fits the frame and the 
ring cannot be turned, as shown on Figure 108. The synchro is inserted 
into the panel or chassis from the terminal board end, and is secured to 
the panel or chassis by three mounting clamp assemblies spaced 120 degrees 
apart. 


8.5 Methods for mounting pre-standard synchros. Pre-standard synchros 
were supplied in three types of housings to permit mounting in one of the 
following ways. 


8.5.1 Flang @. Figure 109 illustrates the flange-mounted synchro, 
which is the most common pre-standard type. The mounting hole is cut to 
accommodate the flange and the synchro is then clamped in place with screws 
and washers. 


8.5.2 Nozzle. Figure 110 shows a type 5N synchro, one of the few 
nozzle~mounted types procured by the Navy. Figure 111 is an end view of 
this unit, showing the location of mounting holes. 
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8.5.3 Bearing. In a bearing-mounted type synchro, the stator can also 
be rotated. Figure 112 shows one possible mumting arrangement. It is 
possible to mount the supports and the synchros vertically or, by the use 
of worm gears, to mount the unit so that the two shaft centerlines are at 
right angles. The arrangement shown is similar to that used in size 16 and 
19 units. 


8.6 Mounting gears and dials on synchros. 


8.6.1 Standard synchros. Figures 113 and 114 illustrate a gear 
mounted on a standard synchro. Figure 113 shows that the gear is first 
placed on the splined shaft, the drive washer is then placed on the shaft so 
that its two drive dogs engage the gear, and the shaft mut is put on behind 
the drive washer. Figure 114 shows a cutaway view of the socket wrench 
being used to tighten the shaft nut. The slotted pinion of the inner wrench 
holds the shaft in position while the outer socket wrench is used to tighten 
the shaft mut. After the shaft nut is tightened and the socket wrench is 
removed, the tabs on the drive washer are bent to lock the shaft mit so that 
it cannot work loose as the synchro rotates. Figure 115 shows the 
recommended method for mounting adjustable dials on synchros. Figure 116 
shows the reconmended positioning of the drive washer and shaft nuts to 
insure maximm loading. 


8.6.2 Pre-standard synchres. The shafts of pre-standard synchros are 
made so that a dial or gear may be attached to a shaft without using 


setscrews or pins through the shaft. A special wrench is used to remove, 
install, or adjust dials or gears mounted in this way. Figure 117 shows how 
dials and gears are mounted. On a receiver, the nut is tightened down to 
hold the hub of the dial tightly between the slotted washer on top and the 
thrust washer on the bottom, which rests on a step in the shaft. To adjust 
the dial's position, when setting zero for example, the nut is loosened, the 
outer part of the wrench is held to keep the shaft from turning, and the 
dial is turned. On a transmitter or control transformer, where the gear 
mist drive the shaft, a pin may be used to keep the gear and slotted washer 
turning together. Since the slotted washer cannot turn, the gear is locked 
to the shaft. 


8.6.3 Mounting dials on a double receiver. A method of mounting dials 
on a double receiver is illustrated on Figure 118. The procedure is as 
follows: 


a. Remove the retaining ring on the outer shaft and the nut ard 
washer from the inner shaft. 


b. Place the hub on the shaft as illustrated, fitting it into the 
keyed position of the shaft. 


c. Replace the retaining ring on the outer shaft to hold the hub 
in place. 
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da. Mount the spider on the hub using the spider clamp and three 
#4-40 machine screws. Be sure that the screws are not more than 0.25 inch 
in length; otherwise they will protrude through the back of the hub. 


e. Mount the dial hub on the inner shaft and secure to the shaft 
using the washer and hex nut. 


f. Mount the outer dial on the spider using three #4-40 machine 
screws about 0.25 inch in length. 


. Mount the inner dial on the hub using the dial clamp and three 
#4-40 machine screws. 


9. STANDARD CONNECTIONS FOR SYNCHROS 


9.1 The need for standard connections. In systems in which a great 
many synchro’ units are used, it is necessary to have a closely defined set 
of standard connections if confusion is to be avoided. The following 
conventions are usually followed unless there is good reason for doing 
otherwise. . 


* NOTE * 


All diagrams are shaft-end views. In 
practice, any letter may be used in 
place of those shown. "B" indicates 
any single-letter bus, "BB" any double- 
letter bus, and so on. 


9.2 Example of an "increasing reading". An example of an increasing 
reading would be a transmitter connected to the needle on the speedometer 
of a car, as shown on Figure 119. It would send out an increasing reading 
when the car went faster, and a decreasing reading when it went slower. 


9.3 Standard wire designations. The five wires of a synchro system 
are mumbered in such a way that the shaft of a normal receiver will turn 
counter-clockwise when an increasing reading is sent over these wires, 
provided it is connected directly as shown on Figure 120. A direct 
connection is obtained by connecting Rl to the single—letter bus, R2 to the 
double-letter bus, S1 to the low-numbered bus, S2 to the middle, and S3 to 
the high-numbered bus. 


9.4 Two-speed systems. In a synchro system where similar information 
is transmitted at several different speeds, the mmbered wires are marked 
1, 2 and 3 for the lowest speed, 4, 5 and 6 for the next higher speed, and 
so on (see Figure 121). : 
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9.5 Standard voltages. When an increasing reading is sent over the 
five wires of a synchro system, the voltages between the five wires change 
as shown on Figure 122. 


9.6 Standard transmitter connections. Connect a transmitter to the 
bus as shown on Figure 123 in each case if it is to transmit an increasing 


reading when its shaft is turned in the indicated direction. 


9.7 Standard receiver connections. Connect a receiver to the bus as 
shown on Figure 124 in each case if its shaft is to turn in the indicated 
direction when it receives an increasing reading. 


9.8 Standard connections for differential transmitters. For a 
differential transmitter, the stator leads are connected to the transmitter 
circuit and the rotor leads are connected to the receiver or control 
transformer, as shown on Figure 125. An increasing reading will be 
transmitted when a constant stator input voltage is applied and the shaft 
is turned in the direction indicated. If an increasing reading is applied 
to the stator and the shaft is held stationary, then an increasing reading 
will be transmitted. 


9.9 Standard connections for differential receivers. Connect a 
differential receiver to the busses as shown on Figure 126 in each case if, 
with constant voltages on one side, the shaft is to turn as indicated when 
it receives an increasing reading from the other side. 


9.10 Standard connections for control transformers. 
9.10.1 Stator lead connections. Connect the stator leads of a control 


transformer to the bus as shown on Figure 127 in each case if the shaft is 
to turn as indicated when following an increasing reading. 


9.10.2 Rotor lead connections. Connect the rotor leads of a control 
transformer to the signal input terminals of the servo amplifier as sham 
on Figure 128 in each case if the shaft is to tum as indicated when 
following an increasing reading. 


9.11 Standard connections for synchro capacitors. Whenever a differ- 
ential or control transformer is used, mount a synchro capacitor of the 
proper size as close to the synchro as possible. Figure 129 shows the 
capacitor connections. 


9.12 Standard connections for servo amplifiers. When a servo system 
is following an increasing reading, the signal input voltage is in phase 
with the AC Supply voltage, and the output voltage is either positive (for 
a DC output), in phase with the supply (for a straight AC amplifier), or 
lags the supply by 90° (when there is a 90° shift in the amplifier). In 
each case the voltage is measured at the single-letter terminal on the 
servo amplifier with respect to the corresponding double-letter terminal 
(see Figure 130). 
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9.13 Standard connections for servomotors. 
* NOTE * 


On commutator type motors with a double-ended 
shaft, rotation is observed when looking at the 
shaft end opposite the commutator. 


9.13.1 Shunt-field DC x. When a shunt-field DC servomotor is 
used, connect the motor as shown on Figure 131 in each case if the shaft is 
to turn in the indicated direction when following an increasing reading. 


9.13.2. Split-series-field servomotor. When a split-series-field 
servomotor is used, connect the motor as shown on Figure 132 in each case 
if the shaft is to turn in the indicated direction when following an 


increasing reading. 


9.13.3  Two-field induction servomoter. When a two-field induction 
motor is used, one field being excited from the line and one through the 
servo amplifier, connect the motor as shown on Figure 133 in each case if 
the shaft is to turn in the indicated direction when following an 
increasing reading. 


9.14 The standard connections that apply to a typical servomotor. 
There are two possible connections for each unit in a servo system which 
has a shaft. The one to use is determined by the direction in which that 
shaft turns when the system is following an increasing reading. The 
indicated standard connections in this section determine connections at 
- each point, as shown on Figure 134. 


10. ZEROING SYNCHROS 


10.1 The need for electrical zero. If synchros are to work together 
properly in a system, it is essential that they be correctly connected and 
aligned in respect to each other, and to the other devices with which they 
are used. Consider a synchro transmitter and receiver used in an echo- 
ranging sonar equipment to provide an indication of sound projector 
position. Unless the projector, indicator, and synchros are correctly 
aligned in respect to each other, the operator cannot be sure the indicated 
projector position is correct. The same situation would exist in a gun 
director train-indicating system used to show the position of the director 
so the guns might be trained accordingly. 


10.1.1 Mechanical reference points. Electrical zero is the reference 
point for alignment of all synchro units. The mechanical reference point 
for the units connected to the synchros depends upon the particular 
application of the synchro system. When a synchro system is used to repeat 
ship's course data, the reference point would be true north, For radar or 
sonar equipment, the reference point could be the ship's bow or zero 
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degrees. In a range or azimith data transmission system, a specific 
distance or angle could be the reference point. Whatever the type of 
system, the electrical and mechanical reference points must be aligned. 


10.1.2 Alignment of electrical and mechanical points. There are two 
ways in which this alignment can be accomplished. The most difficult way 
is to have two people, one at the transmitter and one at the receiver or 
control transformer, adjust the synchros while talking over telephones or 
other commmnication device. The better way is to align all the synchros to 
electrical zero. Units may be zeroed individually and only one person is 
required to do the work. Another advantage of using electrical zero is 
that trouble in the system always shows up in the same way. For example, 
in a properly zeroed TX-TR system, a short circuit from S2 to S3 causes all 
receiver dials to stop at 60 or 240 degrees. 


10.1.3 Svmmary. Zeroing a synchro means adjusting it mechanically so 
that it will work properly in a system in which all other synchros are 
zeroed. This mechanical adjustment is normally accomplished by physically 
turning the synchro rotor or stator. Section 8 describes standard mounting 
hardware and gives simple methods for physically adjusting synchros to 
electrical zero. 


10.2 Electrical zero conditions. For any given rotor position, there 
is a definite set of stator voltages. One such rotor-position, stator- 
voltage condition can be established as an arbitrary reference point for 
all synchros which are electrically identical. Specific definitions for 
electrical zero are given below. 


10.2.1 Transmitters and receivers. A synchro transmitter, CX or TX, 
is zeroed if electrical zero voltages exist when the device whose position 
the CX or TX transmits is set to mechanical reference position. A synchro 
receiver, or TR, is zeroed if, when electrical zero voltages exist, the 
device actuated by the receiver assumes its mechanical reference position. 
In a receiver or other unit having a rotatable stator, the zero position is 
the same, with the added provision that the unit to which the stator is 
geared is set to its reference position. In the electrical zero position, 
the axes of the rotor coil and the S2 coil are at zero displacement and the 
voltage measured between terminals S1 and $3 will be minimm. The voltages 
from S2 to $1 and from $2 to $3 are in phase with the excitation voltage 
from Rl to R2. The actual terminal voltages should be as follows: 


oo 


R1 to R2 - 115 volts | Ri to R6 - 26 volts 
S2 to $1 - 78 volts | S2 to Sl - 10.2 volts 


S2 to S3 - 78 volts | S2 to S3 ~ 10.2 volts 
S1 to $3 - 0 volts | Si to S3 0 volts 
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10.2.2 Differentials. A differential is zeroed if the unit can be 
inserted into a system without introducing a change in the system. In the 
electrical zero position, the axes of coils R2 and S2 are at zero 
displacement. Terminal voltages are as follows: 


=o 





10.2.3 Control transformers. A synchro control transformer is zeroed 
if its roter voltage is minimum when electrical zero voltages are applied 
to its stator, and turning the CT's shaft slightly counterclockwise 
produces a voltage between Rl and R2 which is in phase with the voltage 
between Ri and R2 of the CX or TX supplying excitation to the CT stator. 
Electrical zero voltages, for the stator only, are the same as for 
transmitters and receivers. 


10.3 Zeroing procedures. The procedure used for zeroing depends upon 
the facilities and tools available and how the synchros are connected in 
the system. The procedures described in the following paragraphs show how 
synchros may be zeroed by use of only a voltmeter, synchro testers, or 
- other synchros in the system. When zeroing differentials and control 
transformers, it is helpful to have a source of 78-volts for 115-volt units 
or 10.2 volts for 26-volt units. Figure 135 is a schematic diagram of an 
autotransformer. This device is a single-winding variable-tapped 
inductance. Many synchro systems have provisions for stowing or locking 
units in their electrical zero position if the gyro compass fails. An 
autotransformer, or any other transformer used for this purpose, would be a 
good source of the required 78 volts. Regardless of the method used, there 
are two major steps in each zeroing procedure--first, the coarse or 
approximate setting; second, the fine setting. Many units are marked in 
such a manner that the coarse setting may be approximated physically. on 
standard units, an arrow is stamped on the frame and a line is marked on 
the shaft extension, as shown on Figure 136. Standard synchros mounted by 
a clamping disc assembly, adapter assembly, or zeroing ring may be rotated 
by use of a straight or 90-degree pinion wrench as described in section 8. 


10.3.1 Zeroing a transmitter (CX or TX) using a voltmeter. The most 
accurate results can be obtained by using an electronic or precision 
voltmeter having 0- to 250-volt and O- to 5-volt ranges. On the 0- to 
5-volt range, the meter should be able to measure voltages as low as 
0.1 volt. Proceed as follows: 
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a. Set the unit, whose position the CX or TX transmits, 
accurately in its zero or reference position. 


b. Remove all other connections from the transmitter's stator 
leads, set the voltmeter to its 0- to 250-volt scale, and connect as shown 
on Figure 137(A). 


c. Turn the rotor or stator until the meter reads about 37 volts, 
or 15 volts for 26-volt units. This is the approximate zero setting. 


d. Connect meter as shown on Figure 137(B). 
e. Adjust rotor or stator for null, minimm, reading. 


10.3.2 Zeroing a torque transmitter using a receiver or synchro 
tester. This method is potentially less accurate than those previously 
described, because it is based on the assumption that the other 
used is accurate, which may or may not be true. Synchro Tester, MK 2 All 
Mods (described in the next section) is not sufficiently accurate to be 
relied on without question, and is for use on 115-volt, 60-hertz synchros 
only. A receiver should also be checked to be sure it is at electrical 
zero when its dial reads zero or the reference value. 


a. Connect the receiver or synchro tester to the transmitter as 
shown on Figure 138. 


b. Set the unit, whose position the TX transmits, accurately in 
its zero or reference position. Turn the transmitter until the receiver or 
synchro tester dial reads 0 degrees; the transmitter is now at the 
approximate zero setting. 


c. Momentarily short $1 to $3. If the receiver or synchro tester 
dial moves when S] is shorted to S3, the transmitter is not zeroed; shift 
it slightly and try again. When the Tx is accurately zeroed, clamp it ard 
reconnect for normal use. If the receiver dial does not read zero or the 
reference value, it is necessary to zero the receiver. 

10.3.3 i a e i wi To zero a 
torque receiver with a free rotor, proceed as follows: 


a. Disconnect stator leads and note normal connections for use 
when reconnecting. 


b. Set voltmeter on 0- to 250-volt scale and connect as shown on 
Figure 139(A). 


c. Temporarily connect jumper between $1 and $3 as shown by 
dotted line on Figure 139(A). Rotor will turn to 0 or 180 degrees. If 
meter reads about 37 volts (15 volts for 26-volt synchros), rotor is at 
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0 degrees; proceed to step d. If meter reads about 190 volts (38 volts for 
26-volt units), rotor is at 180 degrees. With jumper disconnected hetween 
S1 and $3, turn rotor to approximate zero setting. Reconnect jumper; now 

should go to 0 degrees. If meter reads 37 volts (15 volts for 
26-volt synchros), proceed to step d. 


d. Connect meter as shown on Figure 139(B). 
e. Adjust rotor or stator for minimm voltmeter reading. 


10.3.4 Zeroing torque receiver with rotor not free to turn. When a 
torque receiver rotor is not free to turn, it is necessary to zero it ina 
manner similar to that used for transmitters. A check on receiver zeroing 
may be made as follows: 


a. Set the transmitter to the electrical zero position and 
connect a temporary jumper from $1 to S3 as on Figure 138. If the 
receiver's shaft moves more than a fraction of a degree when the jumper is 
connected, the transmitter is not set on 0 degrees and should be rechecked. 


b. If the receiver shaft does not turn, unclamp synchro and 
rotate it until the receiver dial reads zero. Connecting and disconnecting 
the jumper several times so that the dial moves slightly may help to set 
the dial more accurately. 


c. Clamp the receiver in position when finished and remove the 
jumper. 

10.3.5 Zeroing a synchro receiver by electrical lock. If lead 
connections may be easily removed, remove all stator connections and 
reconnect as shown on Figure 140. The shaft will turn definitely to 
0 degrees. Set the dial at its zero or reference position while the 
receiver is connected this way. If a source of 78 volts (10.2 volts for 


26-volt units) is not available, 115 volts (15 volts for 26-volt units) may 
be connected to Ri and R2. 


* CAUTION * 


Do not leave connected using 115 volts for more 
than 1 or 2 minutes. Operation on higher than 


10.3.6 Zeroing a differential transmitter using a voltmeter. A 
differential voltmeter may be most accurately zeroed by using an AC 
voltmeter having 0- to 250-volt and 0- to 5-volt ranges. The procedure is 
as follows: 


a. Set the unit, whose position the CDX or TDX transmits, 
accurately in its zero or reference position. 
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b. Remove all other connections from the differential leads, set 
the voltmeter on its 0- to 250-volt scale, and connect as shown on 
Figure 141(A). 


c. Unclamp the differential and turn it until the meter reads 
minimm. The differential is now on approximate electrical zero. 
Reconnect as shown an Figure 141(B). 


d. Set the voltmeter on the 0- to 5-volt scale, amd turn the 
differential transmitter until a null reading is obtained. Clamp the 
differential in this position and reconnect all leads for normal operation. 


10.3.7 Zeroing_a torque differential transmitter using a receiver and 
torque transmitter. The transmitter and receiver used may be part of the 
system in which the differential is used or separate units such as the 
Synchro Tester, Mk 2 All Mods. 


a. Check to see if the differential needs to be zeroed. First 
make sure the transmitter and receiver are correctly zeroed and the 
transmitter is held on 0 degrees during adjustment. Connect as shown on 
Figure 142. If the receiver shaft moves when jumper A is connected from $1 
to $3, the transmitter is not on 0 degrees and must be rechecked. 


b. Set the unit, whose position the TOX transmits, accurately in 
the zero or reference position. Unclamp the differential and tum it until 
the receiver dial reads 0 degrees. The differential is now approximately 
on electrical zero. 


c. Connect jumper B as shown on Figure 142, momentarily between 
receiver terminals S1 and $3, and differential terminals R1 and R3. If the 
receiver shaft moves when jumper B is connected, the differential is not on 
0 degrees. Rotate the differential slightly and try again. When the 
differential is zeroed, clamp it in position and remove the jumpers. 


10.3.8 Zeroing a torque differential receiver whose rotor is free to 


tum. when a TOR's rotor is net free to turn, it is necessary to use one 
of the methods described previously for a tarque or control differential 
transmitter; but when the rotor is free to turn, the units may be connected 


as shown on Figure 143. The procedure to follow then is given below. 
a. Disconnect all other leads from the differential. 


b. Connect as shown on Figure 143(A). The rotor will tum to 
either 0 or 180 degrees when a jumper (shown by the dotted line) is 
connected. If the meter reads about 28 volts (6 volts for 26-volt 
synchros), the differential is on approximate electrical zero; proceed to 
step c. If the meter reads about 156 volts (20 volts for 26-volt units), 
the synchro is on 180 degrees; disconnect the jumper, tarm the rotor to 
180 degrees ard reconnect the jumper for approximate zero setting. 
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c. Change the connections to agree with those shown on 
Figure 143(B). 


d. Rotate the synchro until the meter reading is minimm. 


10.3.9 Zeroing a differential receiver using two zeroed transmitters. 
When a differential receiver is installed and cannot be easily 
disconnected, the following procedure may be used: : 


a. Be sure both transmitters are zeroed and set in their zero or 
reference positions. 


b. Connect temporary jumpers as shown on Figure 144. 


c. With the jumpers connected, unclamp the differential and 
adjust so the dial on the TDR reads zero or the reference value. After 
zeroing, clamp the differential and remove jumpers. If the differential 
receiver moves when the jumpers are connected, the transmitter on that side 
is not set at 0 degrees and should be rechecked. 


10.3.10 Zeroing a control transformer using an AC voltmeter. Using a 
. voltmeter with a 0- to 250-volt and 0- to 5-volt scale, control 
transformers may be zeroed as follows: 


a. Remove connections from control transformer and reconnect as 
shown on Figure 145({A). 


b. Turn rotor or stator to obtain minimum voltage reading. 


c. Reconnect meter as shown on Figure 145(B) and adjust rotor or 
stator for minimm reading. 


da. Clamp the control transformer in position and reconnect all 
leads for normal use. 


10.3.11 Using 115 volts instead of 78 volts for zeroing. By 
exercising proper caution, it is possible to perform the preceding zeroing 
procedures using 115 volts where a source of 78 volts is not available. 


* CAUITON * 


If 115 volts is applied instead of 78 volts, do 

not leave the synchro comected far more than 2 

minutes ar it will overheat and my be 

permanently damaged. 
For 26-volt units, 15 volts may be used instead of 10.2 volts. The same 
caution regarding the length of time should still apply in order not to 
damage the unit. 
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10.4 Summary. 


10.4.1 Zeroing methods. The described zeroing methods apply to all 
Standard synchros and pre-standard Navy synchros. The same general methods 
may be applied to similar units, such as the IC units a in 
section 12. Connections should be changed when 
electronically with those shown here, and voltages should ie ata when 
necessary to match the characteristics of the unit that is zeroed. 


10.4.2 Checks before zeroing. Before testing a new installation and 
before hunting trouble in an existing system, be certain all units are 
zeroed. Also, be sure the device's mechanical position corresponding to 
electrical zero position is known before trying to zero the synchros. The 
mechanical reference position corresponding to electrical zero varies from 
one system to another; therefore, it is suggested that the instruction 
books and other pertinent information be carefully read before attempting 
to zero a particular synchro systen. 


21. SYNCHRO TROUBLES 


11.1 Handling. Synchro units require careful handling at all times. 
NEVER force a synchro into place, NEVER drill holes into its frame, NEVER 
use pliers on the threaded shaft, and NEVER use force to mount a gear or 
dial on the shaft. 


11.2 Maintenance. Two basic rules should be applied: 
a. IP IT WORKS, LEAVE IT ALONE. 
b. IF IT GOES BAD, REPLACE IT. 


are not expected to operate forever without repair or overhaul, 
but like other precision instruments, they require the care of a 
Specialist. Unless you are a trained, competent, synchro technician, NEVER 
take a unit apart or try to lubricate it. 


11.3 Troubleshooting synchro systems. 


11.3.1 Genera). Shipboard synchro troubleshooting is limited to 
determining whether the trouble is in the synchro, or in the system 
connections. You can make repairs in the system connections, but if 
something is wrong with the unit, replace it. Generally, there are two 
major categories of trouble occurring in synchro systems. These are: 
(1) those likely to occur in new installations, and (2) those likely to 
occur after the system has been in service awhile. 


11.3.2 New installations. Ina newly installed system, the trouble 
probably is the result of improper zeroing or wrong connections. Make 
certain all units are zeroed correctly; then check the wiring. Do not 
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trust the color coding of the wires; check them with an ohmmeter. A major 
source of trouble is improper excitation. The entire system mist be 
energized from the same phase of the same power source for proper 
operation. : 


11.3.3 Existing installations. In systems which have been working, 
the most common trouble sources are: 


a. Switches. .... shorts, opens, grounds, corrosion, wrong 


b. Nearby equipment . water or oil leaking into the synchro fron 
: other devices. If this is the trouble, 
correct it before installing a new 
synchro. 


c. Terminal boards. . loose lugs, frayed wires, corrosion, and 
wrong connections. 


d. Zeroing... . .. units improperly zeroed. 


Wrong connections and improper zeroing in any system are usually the result 
of careless work or inadequate information. Do not rely on memory when 
removing or installing units. Refer to the applicable instruction book or 
standard plan. Tag unmarked leads or make a record of the connections; 
someone else may need the information. 


11.3.4 Trouble indicators. Most synchro systems involve units which 
are in widely separated locations. If trouble occurs in such a system, it 
must be localized as quickly as possible. To save time, use overload 
indicators and blown fuse indicators located on a central control board to 
locate a faulty unit. 


11.3.4.1 Overload indicators. The current in the stator circuit of a 
torque system gives a better indication of mechanical loading than does the 
current in the rotor circuit. On Figure 146(A), the TR load is such that 
its rotor lags 30 degrees behind the TX shaft. The rotor current, normally 
0.6 ampere, has increased only slightly. The stator current, however, has 
increased from its normal zero value to 0.5 ampere. 


11.3.4.1.1 Overload indicator in TX-TR system. Figure 146(B) shows an 
overload indicator connected in a simple TX-TR system. Because it is 
possible, regardless of overload, for the stator current in any one lead to 
be zero, it is necessary to connect the overload indicator to respond to 
the currents in at least-two stator leads. Two transformers, each having a 
primary consisting of a few turns of heavy wire and a secondary consisting 
of many turns of fine wire, are connected as shown. The voltage across 
each secondary depends on the current in the primary. The voltage fromA 
to B depends on the S1 current, the voltage from B to C depends on the S3 
current, the voltage applied to the lamp is determined by the difference in 
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these two currents. The difference between the arrents is determined by 
the difference in the TX and TR positions, not by the actual position. By 
holding the TR shaft and turning the TX shaft, the graph shown on 

Figure 147 may be plotted. In this example, the lamp lights when the 
difference between rotor positions exceeds about 18 degrees. The two 
transformers are usually mounted in the same case, and provided with taps 
so they may be used with different types of synchros. 


11.3.4.2 Blom fuse indicator. It is common practice to protect TX, 
cX, and TR units with fuses in their rotar cirmuits. In the event of 
. Severe mechanical overload or shorted windings, these fuses blow out and 
open the circuit. When this happens, the overload indicator may not give 
an indication of trouble. As the name implies, a blown fuse indicator 
lights when a fuse blows out. The following paragraphs describe some 
examples of blown fuse indicators. 


a. Figure 148 shows a simple type of blown fuse indicator: neon 
lamps connected in parallel with the fuses. When a fuse blows, the voltage 
acress it lights the corresponding lamp. A disadvantage to this 
arrangement is that, if the leads to the lamp are accidentally shorted, the 
synchro will be disabled. 


b. Figure 149 shows another type of blown fuse indicator: a 
small transformer having two identical primaries and one secondary 
connected as shown. When the fuses are closed, the equal primary currents 
induce equal and opposite voltages in the secondary. These two voltages 
cancel and the lamp remains unlit. When either fuse blows, no current 
flows in primary #2; and the voltage induced in primary #1 appears across 
the lamp, which lights. An added advantage is that only one lamp is 
required. 


c. One trouble common to all blown fuse indicators is illustrated 
on Figure 150. The TR's rotor circuit has been opened by a blown fuse, 
stator current flows because the voltages are no longer balanced, and about 
85-90 volts are induced in the TR rotor. With only 15-20 volts across the 
open fuse, the blowm fuse indicator does not light. The stator currents 
cause the overload indicator to light; thus, a blown fuse causes an 
overload indication. If the switch in the TX rotor circuit is opened, the 
blown fuse indicater lights and shows the actual location of the trouble. 


11.3.5 Some symptoms and their probable cause. Tables 0X through 
XXxXXv summarize, for a simple TX-TR system, same symptams and their probable 
causes. When two or more receivers are connected to one transmitter, 
similar symptoms ocour. If all the receivers act up, the trouble is in the 
transmitter or the main bus. If the trouble appears in one receiver only, 
check that unit and its connections. The angles shown do not apply to 
systems using differentials, or to systems whose units are incorrectly 
zeroed. Always check the system zeroing before looking for other troubles. 
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11.3.5.1 Control system problems. In a control system, the trouble 
may be slightly more difficult to isolate. The existence of trouble is 
readily indicated when the system does not properly respond to the input 


order. For control systems, it is easiest to locate troubles by use of the 


Synchro Tester, Mk 2 All Mods, or by checking the operating voltages. 


11.3.6 Trouble from other equipment. Do not connect other equipment, 
which is not related to the synchro system, to the primary excitation bus. 
When unrelated equipment is connected to the primary excitation bus, the 
system will show all the symptoms of a shorted rotor when it is turned on. 
However, it will check good when it is turned off. On Figure 151, the 
rotor of the TR is connected in parallel with other equipment, and both are 
fed normally from the AC supply through switch SW2. If this switch is 
opened while switch SW1 is still closed, the equipment connected across the 
TR rotor acts aS a partial short, causing overheating of both units. 


11.3.7 Checking standard voltages. A good way to fimd the trouble in 
an operating system is to use known operating voltages as references for 
faulty operation. Since the proper operation of a system is indicated by 
the proper variations in rotor and stator voltages, an AC voltmeter can be 
used to locate troubles. When an AC voltmeter is Connected between any two 
stator leads, the voltage should vary from 0 to 90 volts (0 to 11.8 volts 
for 26-volt systems) as the transmitter rotates. The zero and maxim 
voltage values should occur at the following headings: 


ZERO VOLTAGE 
HEADINGS 


120°,300° 30°,210° 
60°, 240° 150°, 330° 
0°,180° 90°,270° 





The rotor voltage should remain constant at all times, either 115 volts or 
26 volts. In a system where the units are close enough to permit checking, 
the voltage between the Ri or R2 terminal of any unit energized by the 
primary AC source and the corresponding R1 or R2 terminal of any other unit 
energized by the primary AC source should be zero. Where the excitation 
voltage of 115 volts or 26 volts is above or below the required value 

+1 percent, the maximm stator voltages will also be above or below 

normal. 


11.3.8 Voltage balance check. To check the voltage balance of a 
torque transmitter, connect a good receiver whose shaft is free to turn, 
as shown on Figure 152. If the output voltages are correctly balanced, the 
voltmeter will not vary more than a volt or so as the shaft of the Tx or 
TDX is turned through 360 degrees. Any greater variation indicates an 
unbalance, possibly due to a faulty synchro capacitor or leakage between 
two of the three wires. 
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* CAUTION * 


The voltage balance check produces high 
currents in the receiver. Disconnect 
the receiver as soon as the test is 
completed. 


11.3.9 Use of 60-hertz Synchro Tester, Mk 33 Mod 9. The 60-hertz 
Synchro Tester, Mk 33 Mod 0 (Figures 153 and 154), may be used to reduce 
the time required to locate defective units using 115-volt, 60-hertz 
current only. The synchro tester consists of a 15TRX6A receiver an which a 
calibrated dial is mounted and may be used either as a TR, TX, or CX. 


11.3.9.1 The synchro tester used as a TR. When used as a TR, the 
tester is connected in place of the TR suspected of being defective 
oar connected directly to the Tx or TDX to check its output. The calibrated 
dial on the synchro tester should follow the rotation of the transmitter. 
The synchro tester may also be used for a quick check of whether or not the 
transmitter is on an approximate electrical zero. 


11.3.9.2 The synchro tester used as a transmitter. When a transmitter 
or differential transmitter in the system between the transmitter and cf is 
suspected of being defective, the synchro tester may be used to simlate 
the action of the transmitter. Used as a control transmitter, the synchro 
tester drives one of any 60-hertz type standard or pre-standard synchro 
control transformers. The synchro tester may be used as a torque 
transmitter for driving one 18TR6, 23TR6, 1F or 1HF torque receiver. 


11.3.9.3 Other uses of the synchro tester. The synchro tester will 
help locate defective units, but should not be relied on without question 
for use in zeroing units. It is possible for the calibrated dial to slip 
from its proper position. Also, since the dial is graduated only every 10 
degrees, it is difficult to read small angles with accuracy. The synchro 
tester is often used in testing range data transmission systems. As an 
example, a change in range data of 10,000 yards may cause the synchro 
tester to turn through 90 degrees, 180 degrees, or same other definite 
angle. Depending upon the ingemuity of the user, the synchro tester should 
prove to be a useful and timesaving device. 


11.3.9.4 Synchro tester for 400-hertz units. Synchro Tester Mk 30 All 
Mods, shown on Figures 155 and 156, is a similar device fabricated with a 
15TRX4A synchro, for use in checking 400-hertz synchros. 


11.4 Oscillations and spinning in torque systems. Oscillations (rapid 
swinging back and forth) and spinning are fairly common in torque systems. 
Spinning is usually caused by a defective inertia damper or shorted stator 
leads. Excessive oscillations may be due to these same troubles, but the 
switching oscillations described here are normal in some systens. 
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11.4.1 Switching oscillations. In systems where one transmitter 
drives several receivers, switching oscillations may occur when suddenly 
one receiver is switched into the system. All the receivers in the system 
oscillate for a few seconds, and then the oscillations die out. Figure 
157(A) shows a transmitter connected to two receivers, with a third 
receiver which can be switched into the system. The transmitter and the 
two connected receivers are set at 90 degrees. The third receiver is set 
at zero. At the instant the switch is thrown (Figure 157(B)), a strong 
torque is exerted on the shaft of TR#3, turning it toward 90 degrees. At 
the same time, the currents producing this torque produce voltage changes 
across the stator coils of TR¥1 and TR#2. These changes cause the rotors 
of TR#1 and TR#2 to turn toward zero. How far they tamm depends upon the 
size of the transmitter and the mmber of units in the system. When TR#3 
reaches 90 degrees, the voltages balance and its stator currents are 
reduced to zero. No torque acts on its shaft, so it continues to rotate to 
sane position beyond 90 degrees. This pulls the other receivers slightly 
out of position (see Figure 157(C)). When enough torque is built up to 
stop TR¥3, it starts back toward and passes 90 degrees a little slower this 
time. This operation continues for a few seconds before the system stabi- 
lizes. The receiver has to pass the correct position before it can stop. 
It is often impractical to correct switching oscillations after the system 
has been installed, but they can be minimized by the following precautions: 


a. NEVER replace a receiver with a larger receiver. Excessive 
currents cause switching oscillations. The smallest practical unit should 
be used in any synchro receiver installation. 


b. NEVER put too mich load on a receiver. 

c. NEVER replace a transmitter with a smaller unit. 

da. AVOID long runs of small-diameter wire in connections. 
12. SIMILAR DEVICES 


12.1 Clarification. Quite often, other electramagnetic data-transfer 
devices are improperly referred to as synchros. The devices mentioned in 
this section are described solely to avoid such confusion. Nothing in this 
section should be taken as a suggestion that the units described here be 
used in place of synchros. 


12.2 Interior commmication (IC) units. The Engine Order Telegraph, 
Steering Telegraph, Rudder Indicator and similar position-indicating 
systems used on naval vessels are usually simple synchro systems. However, 
many ships use IC transmitters and IC receivers for the transfer of such 
information. IC units operate on the same general principles, but enough 
differences exist to warrant a brief comparative discussion. 


12.2.1 Construction. Because of their construction, Ic units are 
sometimes called reversed synchros. The primary winding, consisting of two 
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series-connected coils, is mounted physically on the stator. The 
secondary, consisting of three Y-connected coils, is mamted physically on 
the roter. Figure 158 shows this arrangement schematically. 


12.2.2 Operation. Ic units operate on the same principles of 
interacting magnetic fields as synchros, but differ in direction of shaft 
rotation and amount of torque obtainable. When an IC transmitter and IC 
receiver are connected in parallel (Figure 159(A)), the shaft of the IC 
receiver follows the rotation of the IC transmitter shaft. On Figure 
159(B), the Ic transmitter is replaced by a synchro transmitter. The IC 
receiver shaft now turns in a direction opposite to that of the synchro 
transmitter. Voltages which cause counterclockwise rotation of a synchro 
shall cause clockwise rotation of an IC unit shaft. An IC receiver can be 
connected to an IC transmitter so that the shafts rotate in opposite 
directions (see Figure 159(C)). There is one exception to this: the 
internal connections of the Bendix type N unit, CAL-4400-I, are arranged so 
that when it is used with a type A or B IC transmitter, S1-S3 must be 
crossed for the same rotation and connected directly for opposite rotation. 
The torque obtainable from either an Ic unit ar synchro is determined by 
the magnetizing power, and the magnetizing power which can be applied is 
limited by the allowable temperature rise. When the stator is energized, 
as in IC units, the magnetizing power can be increased with a resulting 
larger torque. The reason for this is that the losses are dissipated in 
the form of heat around the outer shell of the IC transmitter or receiver. 
In synchros, this heat loss is dissipated islet the rotor, the air gap, 
and then the cuter shell to the surrounding air 


12.2.2.1 Disadvantage of IC. The main disadvantage of IC units lies 
in possible inaccuracy with erratic operation at small error aqrrents. The 
output currents are taken from the rotor and mst pass through slip rings 
and brushes, which often become dirty and offer a high resistance to these 
small currents. 


12.2.2.2 JC characteristics. Tables XXXVI through XXXVIII list the 
important characteristics of various IC units. For purposes of comparison, 
equivalent synchros are also listed. The primary supply for all units 
listed in the tables is 115 volts, 60 hertz. 


12.2.3 Zeroing IC units. To zero an IC unit, apply the general theory 
used for synchros. The position where rotor coil #2 lines up with the 
stator coils is defined as electrical zero. 

a. To zero an IC receiver: 


(1) Mount the receiver in its normal position and disconnect 
all external leads. 


(2) Connect as shown on Figure 160. The shaft will tum to 
the electrical zero position. — 
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* CADTION * 
Do not leave the receiver connected in 
this manner any longer than necessary, 
as it will overheat. 


(3) Loosen the shaft coupling or the clamps on the stator and 
rotate either one until the indicator points to the zero reading. 


(4) Tighten in this position and reconnect for normal use. 
b. To zero an IC transmitter: 


(1) Mount the transmitter in its normal position and set the 
unit whose position it transmits in the zero or reference position. 


(2) If the transmitter shaft coupling can be loosened: 


(a) Disconnect all external leads and connect the 
transmitter as shown on Figure 160. 


(b) With the shaft held in the zero position, tighten 
the shaft coupling and reconnect for normal operation. 


(3) If the Ic transmitter shaft coupling cannot be loosened: 


(a) Zero one receiver in the system, as described 
previously. 


(b) Adjust the position of the transmitter's stators, or 
the linkage connecting its shaft to the associated equipment, until the 
zeroed receiver indicates zero. 


(c) Tighten the unit in this position. 


The physical reference position of an IC unit corresponding to electrical 
zero varies as indicated here, @epending on its use. Instruction books 
should still be referred to since there may be some exceptions to these 
rules. 


PHYSICAL POSITION 
FOR 
ELECTRICAL ZERO 


Engine Order Telegraph Center of Stop Order 


Steering Telegraph 

Rudder Indicator 

Propeller Revolution Telegraph 
Underwater Log 

Wind Direction and Intensity 
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12.2.4 IC unit troubles. The troubleshooting tables for synchros in 
section 11 may be applied to IC units if the following charges are made: 
substitute rotor for stator, stator for rotor, Rl for S1, R2 for S2, Sl for 
R3, S2 for R2, and S3 for Rl. 


a. Some typical troubles of IC units are summarized here. If the 
receiver follows, but reads wrong: ; 


(1) Make certain all units are correctly zeroed. 

(2) Check interconnections to be certain they are correct. 

(3) If the reading is sometimes correct and sometimes 
180 degrees out, suspect an open in the receiver or transmitter stator 
circuit. 

(4) If the indicator follows correctly for certain 
transmitter positions, but is sloppy and oscillates in other positions, 
suspect an open in the rotor circuits. 


(5) If fuses are blown and the indicator reads 90 degrees 
off, suspect a shorted stator. 


(6) If one receiver of a mitiple system is damaged, the rest 
will read wrong. 


b. If the receiver does not follow when the transmitter is 
turned: : 


(1) Turn the receiver by hard to be sure it isn't jammed; 
other receivers in the same system will read wrong if it is. 


(2) Check the AC supply to stators. 
(3) Check for two open roter connections. 


(4) There may be a short between two rotor leads. In this 
case, all indicators in the system are held on same multiple of 60 degrees. 


c. If the receiver swings violently back and forth or spins, 
although sometimes caused by sudden changes in position or switching 
operations, this may indicate trouble: 

(1) Stop it by hand. 
(2) If it follows correctly ard reads correctly until it gets 


a sudden shock which starts it spinning or oscillating again, the damper 
mounted on its shaft is not operating properly. 
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(3) If it locks in at a certain position and holds there 
regardless of the transmitter position, two rotor leads are shorted 
together and the damper may also be had. 


(4) If it shows no tendency to lock in or to follow, but just 
spins, all three rotor leads are probably sharted together. 


12.2.5 Ic unit maintenance. Unlike synchros, necessary maintenance on 
Ic units can be performed by qualified shipboard technicians. Rotor 
assemblies may be taken apart for maintenance, provided extreme care is 
exercised. Disassembly instructions should be read carefully before 
attempting to disassemble any unit. Some assemblies are carried in spares 
if needed. Where qualified personnel are not available, no attempt should 
be made to repair units. 


12.2.5.1 Unit repair. If trouble develops in the rotor circuits, 
remove the cover over the brushes, the nameplate on Henschel units, and 
inspect the brushes and slip rings. If they are corroded or dirty, remove 
the brushes and clean the brushes and slip rings. Use a clean, lint-free 
cloth or chamois. In cases of severe corrosion or pitting, very fine 
sandpaper may be used on the slip rings. 


12.2.5.1.1 Disassembling the unit. If it is necessary to replace the 
rotor, or if the unit needs oiling, the unit mst be taken apart. Remove 
the brushes and the screws which hold the unit together; pull it apart 
carefully and remove the rotor. Inspect the ball bearings to be sure they 
are in good condition, and replace them from spares if necessary. Before 
-installing new bearings, clean off the thick vaseline used to prevent rust. 
When replacing a bearing in the front end frame, do not disturb the shims. 
Four shims are usually needed, allowing an end play of 0.01 to 0.015 inch. 
If oil is needed on the bearing, apply one drop at the top of each hall, or 
less if the balls are oily. Use a high-grade light oil as recommended by 
the manufacturer. Standard Oi] of New Jersey, Univis No. 48, or watch oil 
May be used as a substitute. Clean the oscillation damper thoroughly, 
covering the rubbing surfaces with a light film of vaseline, before 
reassembling the unit. 


12.2.6 eabili of Ic its and ros. Tables XXxvI 
through XXXVIII indicate that BuShips IC units of any given type are 
interchangeable for most applications as complete units, both mechanically 
and electrically. This holds true regardless of manufacturer or date of 
Manufacture with the following exceptions: 


a. Henschel and Bendix Type N units are electrically 
interchangeable, but considerably different as to mounting dimensions. 


b. Type A and type M units have been supplied with both 0.3125- 
inch diameter and 0.25-inch diameter shafts. When adapting the 0.3125-inch 
type units to instruments formerly equipped with 0.25-inch units, the 
following should be noted: 
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(1) If a 0.25-inch diameter shaft was used in conjunction 
with a shaft extension or coupling with a thin cross section, make a new 
extension or coupling to fit the 0.3125-inch diameter shaft. 


(2) If a 0.25-inch diameter shaft was used in connection with 
gears, hubs, clamping mits, shaft extensions, couplings, pointer hubs, or 
throw collars having an adequate cross section, ream a larger hole to fit 
the larger 0.3125-inch shaft. It is not recommended that the 0.3125-inch 
diameter shaft be ground down to 0.25 inch. 


c. Some applications of Henschel 15-001 units require a 4-48 
screw through the end of the shaft. Henschel 15~021 units have a 6-40 
screw. This applies particularly to the type A unit used in Pitometer Log 
Corporation type B shaft revolution transmitters. 


d. Type A and type M outside shell diameter variation, as listed 
in the tables, is not serious and does not affect interchangeability for 
most applications. 


e. Under normal conditions, synchros should never be used to 
replace IC units. Adequate spares are normally provided for all IC units 
installed on naval vessels. However, in an emergency, IC units may be 
interchanged to the extent indicated in the table. The following notes 
will be helpful in emergency replacement of IC units with corresponding 
synchros: 


(1) Mounting dimensions are essentially the same except for 
Henschel type N units. 


(2) Some form of adapter mist be used in practically all 
cases, as shaft diameters and methods of shaft coupling differ 
considerably. 


(3) Shaft rotation is opposite for IC units and synchros. Ic 
units are electrically interchangeable with corresponding synchros provided 
terminals R1, R2, S1, S2, S3 of synchros, respectively, are connected where 
terminals $1, S2, R3, R2, Ri of Ic units were connected. The primary is on 
the stator of IC units and on the rotor of synchros. 


(4) Synchros have higher accuracy than corresponding IC 


units. 


(5) All Ic units are equipped with terminal blocks, but all 
synchros are not. However, this does not affect interchangeability. 


More complete instructions concerning the details of synchro adaptation are 
contained in Buships standard drawings, available to interested activities. 
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12.3 Commutator transmitter. Another device is the AC commutator 
transmitter, shown on Figure 161 whose construction is similar to a 
transformer. A single-layer secondary is wound on the flat side of an iron 
core. Three brushes, mounted on a common shaft and spaced 120 degrees 
apart, are rotated around an uninsulated circular path in continuous 
contact with the windings. AC excitation is applied to the primary winding 
and the output taken from the three brushes. Commuitator transmitters, 
while not extensively used, have certain advantages over synchro 
transmitters, especially in the larger sizes. These advantages are: (1) 
greater accuracy, amd (2) a higher coupling coefficient between primary and 
secondary. For a higher degree of accuracy, it is necessary that the pitch 
of the secondary windings be uniform and the wire size be sufficiently fine 
to avoid graininess. 


12.4 Stepping motor system. The synchros and similar devices thus far 
discussed are used with alternating currents. At times, remote indicating 
systems which operate on direct current are required. One of these is the 
stepping motor system illustrated on Figure 162. Although many variations 
are employed, the system shown is typical. The stepping motor system is 
often used to drive compass repeaters on naval vessels and merchant ships 
having DC power. The system operates directly from a DC supply and 
requires no AC excitation. 


12.4.1 Operation. The principles of operation of the stepping motor 
are very much the same as those discussed in section 1. Six electromagnets 
are mounted around a soft iron armature and connected as shown on 
Figure 163. Each pair of coils is wound opposite to the adjacent pair. If 
a DC voltage is applied across the mmber 1 coils, the armature turns to 
the position shown on Figure 164(A). Since the armature is soft iron, 
either end may turn up, depending upon the position of the rotor when 
voltage is applied. If the same voltage is also applied to the number 2 
coils, the armature turns to a position midway between the number 1 and 
mumber 2 coils (Figure 164(B)). If the number 1 coils are now 
disconnected, the armature turns until it lines up with the mmber 2 coils 
(Figure 164(C)). Figure 164(D) shows the number 3 coils connected and the 
armature rotated one step further. If this process is continued, Figures 
164(E) and 164(F), the armature can be rotated through 360 degrees. 


12.4.1.1 Operation by rotary switch. In actual operation, the - 
stepping motor is driven by a rotary switch shown in Figure 165. As the 
switch rotates, it applies voltage first to coil 1, then to 1 amd 2 
together, then to coil 2, then to coils 2 and 3 together, then to coil 3 
and so on until the complete revolution is made. As a result, the armature 
turns in 30-degree steps following the rotation of the rotary switch. The 
rotating arm of the switch is geared to the gyro campass so that 1-degree 
rotation of the gyro causes the rotary arm to rotate through 360 degrees. 
The stepping motor is geared to its compass card so that the card moves one 
degree for each six steps of the motor. There are two stepping motor 
systems in use, the only difference being the voltage supplied to the motor 
coils. The older system operates on 20 volts, the newer one on 70 volts. 


80 


Downloaded from http://www.everyspec.com 


MIL-HDBK-225A 


Typical diagrams of these systems are shown on Figure 165. 


12.4.2 Repeaters. A hand reset knob is provided on stepping motor 
repeaters, so that the motor can be turned by hand to agree with the 
reading on the master compass each time the power supply is reconnected. 
The reason for this is that there are two positions on the motor where the 
armature can lock in, giving an erroneous reading on the compass repeater. 


12.4.3 Conversion of stepping motor to synchro receiver. There are 


motor system, and in these cases, a converter a necessary. Figure 166(A) 
shows a simple stepping motor to synchro converter. A coupling connects 
the shafts of the synchro transmitter and stepping motor. The converter 
receives stepping motor transmission from the gyro compass system and 
transmits synchro signals to systems requiring compass information. The 
wiring diagram of the converter is shown on Figure 166(B). 


12.4.4 Zeroing a stepping motor to synchro converter. ' To zero a 
stepping motor to synchro converter, proceed as follows: 


a. Make certain all the associated synchro receivers are properly 
zeroed. 


b. Remove excitation from the stepping motor. 


c. Set the synchro transmitter on electrical zero and adjust the 
attached scale to read zero. 


a. Set the shaft of the stepping motor by hand so that the scale 
reading agrees with the reading of the master compass, and reconnect the 
stepping motor to the system. 


12.5 DC position indicator. Another device operating on DC current is 
the position indicator shown on Figure 167. In construction, the 
transmitter is a potentiometer with 360 degrees of continuous rotation. 

The winding is tapped every 120 degrees and the DC excitation is applied to 
two brushes spaced 180 degrees apart. If voltages AB, BC, and CA are 
plotted against the shaft angle, a set of amves similar to those of a 
synchro is obtained. The receiver is similarly wound with the windings 
tapped every 120 degrees. Inserted within the receiver windings is a 
cylindrical or salient pole permanent magnet which is free to rotate and 
tann a shaft. Since alternating currents are not present in this system, a 
stationary copper damping ee ee ee ee 
between the rotor ard pole pieces. 
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TABLE I. Synchro functional classifications. 


















Roter positioned mechan-|Electrical output from 
ically or manually by stator identifying rotor 

position supplied to torque 
receiver, torque differen- 
tial transmitter, or torque 
differential receiver. 


Electrical output same as 
TX but supplied only to 
control transformer or 
control differential 
transmitter 











TX output applied to Electric output from rotor 
stator; rotor positioned] (representing angle equal 
according to amount data|to algebraic sum or differ- 
from TX must be modified|ence of rotor position 
angle and angular data 
from TX) supplied to torque 
receivers, another TDX, 

or a torque differential 
receiver 







ru 
Differential 
Transmitter 

























Control 
Dif ferential 


Same as TOX but data 
usually supplied by CX 


Same as TDX but supplied 
only to control transformer 

















Electrical output fron 
rotor (proportional to sine 
of the difference between 


Electrical data from 
CX or CDX applied to 





electrical input angle) 


Depending on applica- Depending on application, 
tion, same as TX same as TX or TR 
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TABLE III. i of capaci es 


PH EANUN ERE UN Po 


3 
MK 1 
MK 1 
MK 1 
MK 1 
MK 3 
MK 1 
MK 3 
MK 3 
MK 3 
MK 1 
MK 3 
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TABLE IV. Characteristics of standard capacitors. 
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LIMITING NUMBER OF TR (OR TRX) UNITS 


18TR4B 23TR4B 31TR4D 
TRANSMITTER 18TRX4A 23TRX4A 31TRX4A 
















37TRX4A 






78V-18TDX4C 






7BV-23TDX6C 
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TABLE VI. imiti loads for MIL-S-20708 
in_400-hertz Torque B (Fiqure 59). 


LIMITING NUMBER OF TR's OR TRX's 
PER TOX (Mp/Nig) 
QUANTITY 


18TR4B or 23TR4B or 31TR4D 
31TRX4A 











23TRX4A 







78V-23TDX4C 


78V-23TDX4C 
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TABLE VII. Limiting loads for MYI-S-20708_ synchros 






Pex Dirw 





23TRX4A/ que | ms | ome | 1 to 2 /1eTDKdC; 1 mes | 
23TRX4A) 1 eum | au 1 j23Tpx4c, 2 = | oo 
23TRXGA = | 1 {23TOX4c} 1 om | oom 
23TRX4A — | 2 j23TDx4c; 1 meen | ee 
23TRX4A) = 1 om | que 2 j23TDx4c) 1 =m | 
S1TRX4A ames | mum | 1 to 5 /18TDX4C) 1 — | 
SITRX4A) 1 om | oe 1 )18Toxac]— 1 — | = 
31 TRX4A we | oe 1 f23Tpxac] 3 = 
31TRX4A| 2 a 1 [23TDxac} 2 = 
JATRX4A] 5 2 =—_ 1 j23Tpxac] 1 = 
31TRXGA on || 1 jaatoxac nn 
31 TRX4A a 2 |eatpxac} 2 — 
37TRX4A| 1 | ges | em 2 |23toxac|] 2 =— 
3ITRX4AL 5 2 ca 2 j2amxsc] 1 ae 
31TRK4A eee | ee 2] 23TDxac 1 —_ 
31TRX4A aume | oem 3 |23TDX4c] 2 — | 
3ITRX4A] 4 2 «| 3 |23Tpxac] 1 | gem | comes 
3 TRX4A memes | 6 to5 /237DX4C] 1! gees | 
31TRX4A] 3 1 | qm | 4 to 5 [23TDX4cC] 1] gees | oe 
31TRX4A a= | 6 23TOX4C; 1 ooes | oe 
S1ITRX@A! 2 wee) 6 23Toxac| =k oa ) aoe 
37TRXGA emus | ees | 1 to 7 [18TDX4C) 1 oe | oe 
37TRX4A] 1 mums | que | 1 to 3 /18TOXéc] 1 =—_ | am 
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TABLE VII. Limiting loads for MIL-S-20708 synchros 
in 400-hertz Torque C (Figure 59) - Continued. 



























paexdaHwn 


37TRX4A 
37TTX4A 
37TRX4A 
37TRX4A 





37TRX4A 
37TRX4A 
37TRX4A 
37TRX4A 





37TRX4A 
37TRX4A 
37TRX4A 
37TRX4A 





37TRX4A 
37TRX4A 





37TRX4A 
37TRX4A 





37TRX4A 
37TTRX4A 





37TRX4A 
37TRX4A 





78V- 
23TDX4C 











78V- 
23TDX4C 





78V- 
23TDX4C 
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TABLE VIII. 





DELTA CONNECTED CAPACITORS FOR POWER FACTOR CORRECTION 
NOMINAL + 10% (MICROFARADS) 


TOTAL CAP. PER 
CAP. LEG 


1ICT4E 0.036** Matched to within 1 percent 
iscTac 0.022 Matched to within 1 percent 
1B8CT4c 0.014 within 1 percent 
23cT4c : 0.014 within 1 percent 
11CDX4B : O.11** 


15CDx4C fs 0.21 within 1 percent 


18COX4C 4 ‘ within 1 percent 


23CDX4C 


18TDX4C 


23TDX4C 





**represents average value for previous models and present ones; that is, 
for 11CT4E or 11CT4E, use 0.036 microfarad per leg 
for 15CDX4-XN or 15CDX4D, use 0.21 microfarad per leg 
for 23CDX4-XN or 23CDX4C, use 0.66 microfarad per leg 
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TABLE IX. Limiting Cf loads, additional to torque loads of Table Vv, 
for MII-S-20708 synchros in 400-hertz Mixed System A 


LIMITING NUMBER OF CT UNITS 
ADDITIONAL TO TORQUE LOADS OF TABLE V 


11CT4E or 1scT4c 
1scT4c 23CT4C 


















18TRX4A 
23TRX4A 
31TRX4A 
37TRX4A 
78V~18TDX4C 


78V~23TDX4C 


TABLE X. Limiting CT joads, additional to torque loads of 
: Tables VI and VII, for MIL-S-20708 synchros in 
400-hertz Mixed System B. 


LIMITING NUMBER OF CT's PER TR OR TRX (Net) 
ADDITIONAL TO TORQUE LOADS 
OF TABLES VI AND VII 
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18TOX4C with its TR load 
18TDX4C 


18TDX4C 
18TDX4C 


18TDX4C 


23TDX4C with its TR load 11CDX4B 


23TDX4C—O- 1SCDxX4C 


23TDX4C 18CDX4C 
23TDX4C 18COX4C 
23TDX4C 18CDX4C 


23TDX4C 23CDX4C 
23TDX4C 23CDX4C 
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TABLE XII. Limiti loads MIL-S~20708. in_400-hertz 
Control System A (Figure 60). 


LIMITING NUMBER OF CT UNITS 


11CT4E OR 18cT4c 
23CT4C , 















11CX4E 
15Cx4D 
18CX4D 
23Cx4D 
78V-11CDX4B 
78V-15CDX4D 
78V-18CDX4C 


78V-23CDX4C 
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LIMITING NUMBER OF CT's PER CDX| DROP IN 
DIFFERENTIAL (Net/Nedx) 
11cTMD OR  18CT4c 
TRANSMITTER| QUANTITY iscréc 23cT4c 





15CX4D 1 }1coxaB 1 2 
15CX4D 1 ~~ |ascoxap =_— 1 
18CX4D 1 f11cDx4B 1 3 
18Cx4D 2 /11cDxaB 1 2 
18cx4D 3. }|11cDx4B —_ 2 
18CxX4D 4 |110Dx4B — 1 
18CX4D 1‘ jascpxap 2 4 
18CX4D 2 [15cDx4D —_—_ao_ 1 
18CX4D 2 }ascpxsc 4 8 
18CX4D 2 |agcoxac 2 2 
23cx4D 1 = |arcpxaB 2 3 
23Cx4D 2 | 11CDx4B 1 3 
23Cx4D 3. |x1coxaB 1 2 
23Cx4D 4 [11¢Dx4B 1 2 
23Cx4D 5 111CDx4B 1 2 
23CX4D 6 |11CDx4B ——— 1 
23Cx4D 7 {11epx4B Sa 1 
23Cx4D 1 {ascpxap 3 6 
23CX4D 2 |ascpx4D 2 4 
23cx4D 3. |15cDx4D 1 3 
23Cx4D 4 = |15cDx4D —_— 2 
23cxK4D 5  }ascpxaD = 1 
23CX4D 1 j1scoxsc 7 14 
23Cx4D 2 jascpxac 4 8 
23CX4D 3. /agcoxac 2 4 
23¢x4D 4 |isepxse 2 2 
23Cx4D 1 = |23cpxec 9 18 
23Cx4D 2 |23epxac 2 4 
78V-18CDX4C 1 |11cpx4B 1 2 
78V-18CDX4C 2 = {11cDx4B —_ 1 
78V-18CDX4C 1 = | 15cDx4D 2 2 
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TABLE XIII. imiti oads for S-20708 in 400-hertz 
Control System B (Figure 60) - Continued. 


LIMITING NUMBER OF CT's 
PER CDX (Nnet/Nedx) 


11¢T4D OR iscT4c 
1scr4c 23cT4c 
























78V-23CDX4C 1 3 
78V-23CDX4C 1 3 
78V-23CDX4C 2 2 
3 2 
4 1 
5 Z 
1 5 
2 2 
3 1 
1 10 
2 4 
3 1 
1 10 
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MIL-HDBK-225A 
TABLE XIV. Limiti - 


‘porn — 
OF CT UNITS 
Met/Nedx) 


liaianaatl ete or 18CT4C 11CT4E or 18CT4C} IN LOAD 2 
laser 1scT4ac 23CT4C 15cT4c 23cT4c 












1SCx4D 11CDX4B 11 
15CX4D 2 4 i 11CDX4B : 11 
15CX4D | ques | gee 1 |25CDx4D] gages 1 12 
18Cx4D 1 }.11CDx4B 1 3 10 
18Cx4D 7 14 1 = }210Dx4B 1 asd 11 
18CX4D 13 26 1 [{12cDx4B 1 11 
18Cx4D 2 = }11eDx4B 1 2 11 
18CX4D 10 20 2 |110Dx4B 1 11 
18cx4D 3 |22CDX4B] gues 1 10 
18CX4D 5 10 3 |11CDX4B] eee 1 11 
18CX4D | ques | gees 4 | 12CDX4B] gay 1 12 
18CX4D 1 15CDxX4D 2 4 10° 
18CX4D 6 12 1 = [15cDx4p 1 2 10 
18CX4D 10 20 2 /ascpx4p 1 10 
18CX4D | ees | eee 2  |15CDX4D] gues 1 10 
18CX4D 1 jagcoxec 4 8 10 
18CX4D 3 6 2 fscoxac 3 6 10 
18CX4D 6 12 1 |ascoxec 2 4 10 
1BCK4D 8 16 1 = |aseoxac 1 2 10 
48CX4D 10 20 1 = f1gcoxac 1 10 
1scx4D 2 jasepxac 1 2 10 
18CX4D 1 2 2. |agcpxdc 1 10 
23CX4D 12 = }110Dx4B 1 3 10 
23CK4D 15 30 1 |11coxaB 1 2 10 
23Cx4D 30 30 1 = |a1coxaB 1 10 
23CX4D 2 |11cpx4B 1 3 10 
23CK4D 9 18 2 |11CDx4B 1 2 10 
23CX4D 20 40 2 }11cDx4B 1 10 
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TABLE XIV. Limiti loads for MIL-S-20708 
in 400-hertz Control C (Figure 60) - Continued. 


LIMITING NUMBER DIFFERENTIALS 
OF CT UNITS 


riveteten| oe or 18CT4C 11CT4E or 18CT4c} IN LOAD. 2 
ivestries 15cT4C 23CT4C| QUANTITY 15CT4C 23CT4C 












23Cx4D 11CDx4B 10 
23CK4D 15 30 3 11CDx4B i 10 
23CX4D 4 |a1cDx4B 1 2 10 
23CX4D ui 22 4  |11CDxX4B 1 10 
23CK4D 5 }a1cDx4B 1 2 11 
23CX4D 7 14 5  }11CDX4B| qe 1 10 
23Cx4D 6 |11CDX4B| guy 1 9 
23CX4D 3 6 6 |11CDX4Bl guy 1 10 
23CK4D eos | een 7 |12CDX4Bl gees i 10 
23Cx4D 1 [ascoxaD 3 6 10 
23CX4D 10 20 1 |a5cDx4D 2 4 10 
23CX4D 20 40 1 Ja5coxaD] _ 1 2 10 
23CX4D 25 50 1 | 15cDx4D 1 10 
23CX4D 2. |15cDx4D 4 10 
23CK4D 14 28 2. [15cDx4D 1 2 10 
23CX4D 20 40 2 | a5cDx4D 1 10 
23CX4D 3. }a5cDx4D 1 3 10 
23CK4D 5 10 3 |ascDx4D 1 2 10 
23CK4D 10 20 3 |ascDxaD 1 10 
23Cx4D 4 = |15CDX4D] pees 1 9 
23CK4D 4 8 4  |15CDX4D] gues 1 10 
23CX4D eu | oe 5  }15CDX4D| ae 1 10 
23Cx4D 1 —_|ascpxac 7 14 10 
23Cx4D 8 16 1 }gcoxac 5 10 10 
23CX4D 16 32 1 —_|ascpx4ac 3 6 10 
23¢x4D 24 48 1 ~~ | 1gcpxse 1 2 10 
23Cx4D 30 60 1 |agcpx4c 1 10 
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TABLE XIV. imiti S- 
in 400-] 


LOAD 1 LOAD OF 
LIMITING NUMBER| DIFFERENTIALS 
OF Cr UNITS 


11CT4E or 18CT4c 11CT4E or 18CT4C] IN LOAD 2 
TRANSMITTER| 1SCT4C 23CT4C| QUANTITY iscT4c 23cT4c 
4 












23Cx4D 2 |ascoxac 8 10 
23CX4D 10 20 2 |senxac 2 4 10 
23CX4D 15 30 2 |ascoxac 1 2 10 
23CX4D 20 40 2 j1scoxéc 1 10 
23CX4D 3 }scoxac 2 4 10 
23CX4D 6 12 3 |ascoxec 1 2 10 
23CX4D 10 20 3. |ascpxec 1 10 
23CX4D 4 |18cDx4c 1 2 10 
23CX4D 2 4 4 | asepxac 1 10 
23CK4D 1 |23eoxec 9 38 20 
23CX4D 7 14 i = | 23cDx4c 6 12 10 
23CX4D 14 28 1 [23cpxac 3 6 10 
23CK4D 18 36 1 |23cpx4e 1 2 10 
23CK4D 20 40 1 }23cpx4c 1 10 
23CK4D 2. |a3cox4c 2 4 10 
23CX4D 3 6 2 |23cpxec 1 2 10 
23CX4D 5 10 2 j23epx4c 1 10 
7BV-18CDX4C 1 |aacoxaB 1 2 10 
78V-18CDX4C 4 8 1 = {11cDx4B 1 10 
78V-18CDX4C| ques | me 2  |21CDX4B] queue 1 10 
78V~18CDx4C 1 [ascpxeD 1 2 10 
78V-18CDX4C 2 4 1 }.Scox4D 1 10 
78V-18CDX4C 1 ~~ |scoxsc 1 3 10 
78V~-18CDX4C i 2 1 18CDx4Cc 1 2 10 
7BV-18CDX4C 2 4 1 = |1geoxse 1 10 
78V-23CDX4C 1 |aacoxeB 1 3 10 
78V-23CDX4C 6 12 1 = |11c0x4B 1 2 10 
7BV-23CDx4C| 14 28 1 = |11CDx4B 1 10 
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TABLE XIV. imiti oads for S-20708 
in 400-hertz Control C (Fi 0) - Continued. 


LOAD 1 LOAD OF 
LIMITING NUMBER| DIFFERENTIALS 
OF CT UNITS 


11CT4E or 18CT4C 11CT4E or 18CT4C|] IN LOAD 2 
TRANSMITTER | 15CT4C 23CT4C 1scT4c 23CT4C 
2 1 2 . 





78V-23CDxX4C 
78V-23CDX4C 


78V-23CDX4C 
78V-23CDX4C 


78V-23CDxX4C 


78V-23CDX4C 


78V-23CDX4C| . 
78V-23CDX4C 
78V-23CDX4C 
78V-23CDX4C 


78V-23CDX4C 
7BV-23CDX4C 


78V-23CDX4C 


78V-23CDX4C 
78V-23CDX4C 
78V-23CDX4C 
78V-23CDX4C 


78V-23CDX4C 
78V-23CDX4C 
78V-23CDX4C 


78V-23CDX4C 


78V-23CDX4C 
7BV-23CDX4C 
78V-23CDX4C 
78V-23CDX4C 
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LIMITING NUMBER OF TR (OR TRX) UNITS 


18TRX6B or 23TRX6B or 31TRX6A or  37TRX6A 


78V~-23TDX6C 


78V-31TDX6C 


DIFFERENTIALS LIMITING NUMBER OF TR's OR TRX's 
PER TDOX (m,/Ng) 


TRANSMITTER PP |e | am 18TRX6B 23TRX6B 31TRX6A 37TRX6A 


78V-31TDX6C| 1 or 2 
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TABLE XVII. Limiting loads for MIL-S-20708 synchros 
in 60-hertz Torque System C. 


to 
1to8 
1 to 3 
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so —_ 
om ie] 
a os 
oar ay 
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TABLE XVIII. i ues 9 ci S-20708 
60- ‘° and di tia 


DELTA CONNECTED CAPACITORS FOR POWER CORRECTION 
NOMINAL +10% (MICROFARADS) 


Matched to within 1 

Matched to within 1 percent 
Matched to within 1 percent 
Matched to within 1 percent 
Matched to within 1 percent 
Matched to within 1 percent 





TABLE XIX. Limiting CT loads, additional to torque loads of 
Tables XV, for MIL-S-20708 synchros in 60-hertz 
Mixed System A. 


LIMITING NUMBER OF CT UNITS 
ADDITIONAL TO TORQUE LOADS OF 
TABLE XV 


1SCT6D or 23CT6D 


37TRX6A 


78V-23TOX6C 


78V-31TDX6C 
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TABLE XX. Limiting CT loads, additional to torque loads of 
Tables XVI_and XVII, for MIi-S-20708 synchros 
in _60-hertz Mixed System B. 


LIMITING NUMBER OF CT's PER TR (Not) 
ADDITIONAL TO TORQUE LOADS OF 


6 n: (larger of the two) 
1.8 n (larger of the two) 
5n 
10n 





TABLE XXI. imiti COX-CT_ loads that repla a TDX-TR branch of Tables XVI 
and XVII for MIL-S-20708 in 60-hertz Mixed System C. 















NUMBER AND TYPE OF 
TDX-TR BRANCH IN TORQUE | CDX UNITS REPLACING 
ONE TDX-TR BRANCH 


1 23CDX6C : 1 
1to5 23CDX6C 1 







23TDX6C with its TR load 


31TDX6C with its TR load 
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78V-23CDX6EC 
78V-23TOX6C 
78V-31TDX6C 


~ 


i 
1 
1 
2 
1 
1 
3 
2 
2 
1 
1 
1 
1 
0 
4 
1 
1 
1 
3 
2 
1 
2 


RPUNRH YN ENP INU PUNE ENP NE 
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TABLE XXIV. Limiti loads for MIL-S-20708 
in 60-hertz Control System C. 









LOAD 1 LOAD OF 
LIMITING NUMBER| DIFFERENTIALS 
OF CT UNITS 

ASCT6D or 23CT6D| QUANTITY | ree | ISCT6D or 23CT6D 

23TRXEB = 1 = |23cpx6c 1 

31TRX6A 1 _j23cpxec 1 16 
31TRX6A 3 1 | 23cDx6c d 17 
31TRXGA a 2 |23cDx6ec 1 17 
31TRXGA 1‘ j23TDxec 2 16 
31TRX6A | 7 1 |23TDx6c .1 16 
31TRX6A — 2 |23TDx6c 1 16 
37TRXGA , 1 —_|23cDx6c 1 15 
37TRXEA 10 1 |23¢pxec 1 16 
37TRX6A 1‘ )23TDx6c 3 16 
37TRXGA 10 1 ‘| 23TDxec 2 15 
37TRXGA 35 2 (| 23TDx6C 1 15 
37TRX6A 2. |23TDx6c 2 15 
37TRXGA 30 2 |23TDxec 1 15 
37TRX6A 3. |23TDx6ec 2 15 
37TRX6A 25 3 | 23TDxec 1 15 
37TRXGA 4 | 23TDxec 1 14 
37TRXEA 15 4 |23TDx6c 1 15 
37TRXGA 5 | 23TDx6c 1 14 
37TRXEA 9 5  |23TDx6c 1 15 
37TRXGA 6 |23TDx6Cc 1 15 
37TRX6A 3 6 | 23TDx6ec 1 15 
37TRXEA a 7 ‘|23TDx6c 1 15 
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LOAD 1 LOAD OF iene as 
LIMITING NUMBER} DIFFERENTIALS 
OF CT UNITS GP cris ben cor 


eaarin acn o acral] ese Dera 





78V-31TOX6EC 
78V-31TOX6C 
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3.37 to 3.62 
4.5 


5.75 





TABLE XXVI. Function of pre-standard type synchros. 


Transmitter 
Differential Receiver 
Differential Transmitter 
Control Transformer 
High-Speed Unit 
Bearing-Mounted Unit 
Nozzle-Mounted Unit 


Special Unit 


Flange-Mounted Receiver 





“This letter is normally omitted if letters other than H or S occur in the 
type designation. 


106 





Downloaded from http:/www.everyspec.com 


MIL-HDBK-225A 


20708/79 | 20708/7 20708/1 
TYPE DESIGNATION & TOLERANCE 26V-O8CT4C] 26v-11CT4D | 11CT4E 


Primary voltage (Vv), + 
Primary current (mA), maximm 


Primary power (watts), maximm 
Impedance (ohms), min-max 
2ro 


118-150 4350-5700 
130-170 585-700 


78.0-84.0 | 77.3-83.5 
16.0-20.0 | 23.0-35.0 | 22.0-32.0 


Transformation ratio, + 2% 2.203 2.203 0.735 
Phase shift, lead (degrees), varies/8.0 +1.5 4.5 41.5 5.0 41.0 
Electrical error (minutes), max 7.0 : 7.0 
Receiver error (mimites), max emis 
Null voltage (mV), max 

Total 

Fundamental 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 

30° + 2° 

177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (+5%), (watts), max 


Radial Play (inches), max 


End Play (inches), varies 
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TABLE XXVII. MIL-S-20708 QPL _synchros - Continued. 


ee a 20708/29 
TYPE DESIGNATION & TOLERANCE SCT4C 18cT4c 


Primary voltage (V), + 








Primary current (mA), maximm 

Primary power (watts), maximm 

Impedance (ohms), min-max 
zro 






zZss 
zso 
ars 

















7800-9512 
1050-1300 


6000-7500 
1300-1650 


12000-14800 
980-1190 








Impedance angle (degrees), min-max 
2ro 







zZss 
zso 
2rs 
























77.8-84.5 
26.0-33.0 


82.0-84.5 
42.0-52.0 








+ 2% 





Transformation ratio, 
Phase shift, lead (degrees) , varies 
Electrical error (minutes), max 
Receiver error (minutes), max 
[Null voltage (mV), max 

Total 
Fundamental 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (-5%), (watts), max 


Radial Play (inches), max 


End Play (inches), varies 
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TABLE XXVII. MIL-S-20708 OPL synchros - Continued. 


Primary voltage (Vv), + 


Primary current (mA), maximm 


Primary power (watts), maximum 
Impedance (ohms), min-max 
2ro 


4600-5800} 13400-16700 
1600-2050! 1040-1260 


70.0-76.0] 81.0-84.5 
14.5-18.0] 46.0-56.0 


Transformation ratio, + 2% 0.735 0.735 
Phase shift, lead (degrees) ,varies} 16.0 +3.0 
Electrical error (minutes), max 

Receiver error (minutes), max 


Null voltage (mv), maz 


Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 
30° +.2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (+5%), (watts), max 


Radial Play (inches), max 0.0006 
End Play (inches), varies 0.0015 
+0.0010 
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1350-1650 


70.0-76.0 
14.0-20.0 


0.735 


14.0 42.5 
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TABLE XXVII. MIL-S-20708 OPL synchros - Continued. 


20708/78 20708/8 | 20708/2 
TYPE DESIGNATION & TOLERANCE 26V-08Ccx4c] 26V-11CK4C | 11CKX4E 
26 26 115 


Primary voltage (V), + 1% 
153.0 130.0 31.0 














Primary current (mA), maximum 





Primary power (watts), maximum 
Impedance (ohms), min-max 
Zro 


0.84 





















170-215 200-300 3720-4700 
zss 11.0-15.0 6.0-12.0 410-500 
zso 
2rs 
















Impedance angle (degrees), min-max 
z2ro 77.5-80.5 80.5-84.0 


18.0-30.0 


80.0-84.0 
17.0-26.0 









Transformation ratio, + 2% 






Phase shift, lead (degrees) , varies 












Electrical error (minutes), max 





Receiver error (minutes), max 

Null voltage (mV), max 
Total 

Fundamental 


Friction torque (oz-in), max 






Torque gradient (oz-in), min 


Temperature rise (degrees C), max 










Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 






Variation of voltage (+ 10%) and 
Frequency (-5%), (watts), max 





Radial Play (inches), max 






End Play (inches), varies 
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MIL-HDEK-225A 
TABLE XXVII. S-20 ~ Continued. 


20708/14 20708/28 20708/33 
TYPE DESIGNATION & TOLERANCE 1SCX4D 18CX4D 18CX6C 


Primary voltage (V), + 
Primary current (mA), maximm 


Primary power (watts), maximm 
Impedance (ohms), min-max 
zro 


1402-1643] 1045-1400 | 2875-3375 
123-138 40.0-57.0 | 660-810 


84.0-87.5 | 76.0-80.0 
34.0~48.0 | 9.0-13.0 


Transformation ratio, + 2% 7 0.783 0.783 
Phase shift, lead (degrees) ,varies| 4.0 +1. 1.5 +1.5 11.0 41.5 
Electrical error (minutes), max a 6.0 8.0 
Receiver error (minutes), max 
Null voltage (mV), max 

Tota) 

Fundamental 
Friction torque (oz~in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 

30° + 2° 

177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (45%), (watts), max 


Radial Play (inches), max : . 0.0006 


End Play (inches), varies 3 F 0.0015 
40.0010 
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TABLE XXVII. MIL-S-20708 QPL synchros - Continued. 


. 20708/45 20708/52 20708/80 
TYPE DESIGNATION & TOLERANCE 23CX4D 23CxX6D 26V-O08CDX4C 
Primary voltage (Vv), + 1% 115 115 10.2 


245.0 80.0 108.0 















Primary current (mA), maximum 








Primary power (watts), maximum 2.1 





1.7 










Impedance (ohms), min-max 
zZro 






470-580 
21.6-26.0 


1450-1700 
255-310 






95.0-120.0 
35.0-48.0 











Impedance angle (degrees), min-max 
zro 84.0~-87.5 
42.0~47.0 





zss 
zso 
2rs 













74.0-79.0 
15.0-20.0 





Transformation ratio, + 2% 0.783 







Phase shift, lead (degrees), varies; 1.0 +1.0 
Electrical error (minutes), max 


Receiver error (minutes), max 










Null voltage (mV), max 
Total 

Fundamental 
Friction torque (oz~in), max 


Torque gradient (oz~in), min 





Temperature rise (degrees C), max 









Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 






Variation of voltage (+ 10%) and 
Frequency (-5%), (watts), max 









Radial Play (inches), max 0.0010 










End Play (inches), varies 9.0025 


+0.0020 
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MIL~-HDBK-225A 


TABLE XXVII. 


20708/9 20708/81 pialdien tg 
TYPE DESIGNATION & TOLERANCE 26V-11CDX4C} 11CDX4B SCDX4D 


Primary voltage (V), + 


Primary current (mA), maxinum 


Primary power (watts), maximm 
Impedance (ohms), min-max 
2ro 


68.0-85.0 1590-2050; 870-1150 
20.0-26.0 470-570 195-290 


77.0-82.0 
22.0-30.0 


Transformation ratio, + 2% 1.154 
Phase shift, lead (degrees),varies] 6.0 +2.0 
Electrical error (minutes), max 7.0 
Receiver error (minutes), max -_- 
Null voltage (mV), max 

Total 

Fundamental 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 

30° + 2° 

177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (15%), (watts), max 


Radial Play (inches), max 


End Play (inches), varies 
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MIL-HDBK-225A 


TABLE XXVII. MII-S-20708 QPL synchros ~ Continued. 


. 20708/30 20708/36 
TYPE DESIGNATION & TOLERANCE 18COX4C 18CDX6D 


‘|Primary voltage (V), + 1% 78 78 






20708/47 
23CDx4c 


















































Primary current (mA), maximm 285.0 
Primary power (watts), maximm 2.6 
Impedance (ohms), min-max 
zro 
zZss 
1500-1875 275-340 
915-1225 37.0~50.0 
83.0-86.5 69.0-75.0 82.5-85.5 
40.0-55.0 12.0-18.0 45.0-50.0 
Transformation ratio, + 2% 1.154 1.154 1.154 
Phase shift, lead (degrees) ,varies| 2.0 42.0 15.5 42.0 |} 2.0 41.5 
Electrical error (minutes), max 7.0 
Receiver error (minutes), max -—-- 
Null voltage (mV), max 
Total 60.0 
Fundamental 30.0 
Friction torque (oz-in), max 0.20 
Torque gradient (oz-in), min -—-- 
Temperature rise (degrees C), max 30.0 
Synchronizing time (seconds), max 
30° + 2° _-- 
177° + 2° soe 
Variation of voltage (+ 10%) and -—-- 
Frequency (+5%), (watts), max 
Radial Play (inches), max 0.0010 


End Play (inches), varies 
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MIL-HDBK-225A 


TABLE XXVII. ~ 


ee 20708/6 pier 
TYPE DESIGNATION & TOLERANCE 23CDX¢ 26V-11TX4C 


Primary voltage (V), + 


Primary current (mA), maximm 


Primary power (watts), maximm 
Impedance (ohms), min-max 
zro 


3.3-4.2 16.0-21.0 
867-1100 
448-550 


17.0-24.0 | 38.0-45.0 
75.0-79.0 
14.5-23.0 
Transformation ratio, + 2% 1.154 
Phase shift, lead (degrees),varies/ 11.0 +2.5 
Electrical error (minutes), max 8.0 
Receiver error (minutes), max —_— 
Null voltage (mv), max 
Total 
Fundamental 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (15%), (watts), max 


Radial Play (inches), max 0.0010 


End Play (inches), varies 0.0025 
+0.0020 
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MIL-HDBK-225A 


TABLE XXVII. MIL-S-2070: - Continued. 


a0708/35 ace 20708 /56 
TYPE DESIGNATION & TOLERANCE BTRX6B 23TRX6B 


Primary voltage (V), + 










Primary current (mA), maximum 








Primary power (watts), maximm 

Impedance (ohms), min-max 
Zro 

2ss 


2so 
2rs 





110-145 


















350-430 


Impedance angle (degrees), min-max 
zZro 
Zss 
Zso 
2rs 








10.0~15.0 





44.0~55.0 





10.0-17.0 
























Transformation ratio, + 2% 
Phase shift, lead (degrees) , varies 
Electrical error (minutes), max 
Receiver error (minutes), max 


Null voltage (mV), max 


Friction torque (oz-in), max 


Torque gradient (oz-in), min 





Temperature rise (degrees C), max 








Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (15%), (watts), max 










Radial Play (inches), max 


End Play (inches), varies 
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MIL-HDBK~-225A 


TABLE XXVII. MIL-S-20708 OPL synchros ~- Continued. 


20708 /62 20708/66 20708/74 
TYPE DESIGNATION & TOLERANCE 31TRXGA 31TRX6A STTRX6GA 
115 115 


Primary voltage (V), + 1% 115 
440.0 830.0 


















Primary current (mA), maximm 1650.0 





Primary power (watts), maximm 14.4 


Impedance (ohms), min-max 
zro 





24.0-33.0 





60.0-75.0 


16.0-24.0 


30.0-40.0 

























Transformation ratio, + 2% 
Phase shift, lead (degrees) , varies 
Electrical error (minutes), max 
Receiver error (minutes), max 
Null voltage (mV), max 
Total 

Fundamental 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (deqrees C), max 
Synchronizing time (seconds), max 


30° + 2° 
177° + 2° 






Variation of voltage (+ 10%) and 
Frequency (45%), (watts), max 


Radial Play (inches), max 


End Play (inches), varies 
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MIL-HDBK-225A 


TABLE XXVII. MIL-S~20708 OPL synchros - Continued. 


20708/48 | 20708/55 | 20708/68 
TYPE DESIGNATION & ‘TOLERANCE 23TDK4C 23TDX6C 31 TDX6C 
78 78 


Primary voltage (V), + 1% 












Primary current (mA), maximm 







Primary power (watts), maximm 
Impedance (ohms), min-max 
Zro 






90-112 
11.0-15.0 


370-460 
175-220 











Impedance angle (degrees), min-max 
2ro 


zZss 
Zso 
2rs 













74.0-78.0 
15.0-20.0 


84.0-88.0 
47.0-53.0 












Transformation ratio, + 2% 





1.154 





1.154 



















Phase shift, lead (degrees),varies} 2.0 +1.0 13..5°22.6 
Electrical error (minutes), max 
Receiver error (minutes), max 
Null voltage (mV), max 
Total 
Fundamental 


Friction torque (oz-in), max 





Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 


30° + 2° 
177° + 2° 






Variation of voltage (+ 10%) and 
Frequency (+5%), (watts), max 





Radial Play (inches), max 0.0010 











End Play (inches), varies 0.0025 


+0.0020 


DC resistance (ohms), reference 
Rotor 
Stator 
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MIL-HDBK-225A 
TABLE XXVIII. MULeS-20708 pon-OPL synchros. 


Primary voltage (V), +1% 
Primary current (mA), maximm 
Primary power (watts), maximm 


Impedance (ohms), varies Rt158+jxt10$ 
2ro 735+47475 


1400+517500 
660+4460 


Transformation ratio, varies 5 t 0.635 +0.02 
Phase shift, lead (degrees) , varies[16. 2.0 +0.5 
Electrical error (minutes), max ‘ 20.0 


Receiver error (minutes), max 


Null voltage (mV), max 
Total 


Fundamental 


Friction torque (oz-in), max 
@ -55°C 


Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (15%), (watts), max 
Radial Play (inches), max 


End Play (inches), varies 


DC resistance, (ohms), + 15% 
Rotor 
Stator 
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MIL-HDBK-225A 


TABLE XXVIII. MIL-S-20708 non-OPL synchros - Continued. 


. 20708/25 20708/39 20708 /42 
TYPE DESIGNATION 16CTB4B 19CTB4B 19CTB6B 
Primary voltage (V), + 1% 78 78 78 












Primary current (mA), maximum 

Primary power (watts;, maximum 

Impedance (ohms), min-max 
Zro 


Impedance angle (degrees), min-max 
2ro 
2ss 


Zso 
2rs 


Transformation ratio, + 2% 






Phase shift, lead (degrees) , varies 
















Electrical error (minutes), max 
Receiver error (minutes), max 
Null voltage (mV), max 
Total 
Fundamental 


Friction torque (oz-in), max 





Torque gradient (oz-in), min 





Temperature rise (degrees C), max 


Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 






Variation of voltage (+ 10%) and 
Frequency (15%), (watts), max 


Radial Play (inches), max 








End Play (inches), varies 





De resistance (ohms), reference 
Rotor 
Stator 
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MIL-HDBK-225A 


TABLE XXVIII. MiIcS-20708 non-OPL synchros - Contimed. 






Primary voltage (Vv), + 






22.0 






Primary current (mA), maximm 







Primary power (watts), maximm 0.43 


Impedance (ohms), min-max 
zZro 





5335-6265 
675-825 







80.0-83.0 
11.0-16.0 
















Transformation ratio, varies 0.1026 +2%] 0.783 +2% 









2.5 41.5 7.0 41.5 





Phase shift, lead (degrees) , varies 









Electrical error (minutes), max 6.0 6.0 


Receiver error (minutes), max 







Null voltage (mV), max 
Total 
Fundamental 







Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 


30° + 2° 
177° + 2° 









Variation of voltage (+ 10%) and 
Frequency (+5%), (watts), max 






0.0006 







Radial Play (inches), max 






End Play (inches), varies 0.0010 


+0.0005 








DC resistance (ohms), reference 
Rotor 
Stator 
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MIL-HDBK-225A 


TABLE XXVIII. MIL-S-20708 non-OPL synchros - 


. 20708/137 See 20708/138 
TYPE DESIGNATION 26V~O5CDX4A SCDXEC 31CK4A 


Primary voltage (Vv), + 1% 11.8 




















Primary current (mA), maximm 44.0 










Primary power (watts), maximm 0.115 nom 8.3 nom 


Impedance (ahms), min-max 
2ro 








RE2O$+jxt20 





121-166 
3.4-5.9 













95+4290 
1754545 


2050-2600 
900-1200 








77.0-83.0 
11.0-17.0 





















Transformation ratio, varies 1.154 +3% | 0.783 +3% 
Phase shift, lead (degrees) , varies 
Electrical error (minutes), max 
Receiver error (minutes), max 
Null voltage (mV), max 

Total 
Furdamentai 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (+5%), (watts), max 
Radial Play (inches), max 





End Play (inches), varies 
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Primary voltage (Vv), + 







Primary current (mA), maximm 

Primary power (watts), maximm 

Impedance (ohms), min-max 
Zro 











83.2 +2° 
20.0 nan 







Transformation ratio, + 2% 0.783 





4.4 40.5 






Phase shift, lead (degrees) , varies 






Electrical error (minutes), max 8.0 







Receiver error (minutes), max 






Null voltage (mV), max 
Total 






Fundamental 





Friction torque (oz~-in) @ 25°C,max 
@ -55°C and 125°C 





Torque gradient (oz-in), ‘nin 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 


30° + 2° 
A77* & 2° 









Variation of voltage (+ 10%) and 
Frequency (15%), (watts), max 


Radial Play (inches), max 









0.0008 






End Play (inches;, varies 0.0030 


+0.0020 






DC resistance (ohms), reference 
Rotor 






Stator 
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MIL-HDBK-225A _ 
TABLE XXVIII. S-20708 = Continued. 
: 20708/3 20708/145 | 20708/4 
‘ TYPE DESIGNATION 26V-O8TX4A | 11TX4C 
26 115 


11TR4C 
Primary voltage (V), + 1% 
110.0 60.0 




















Primary current (mA), maximm 











Primary power (watts), maximum 
Impedance (ohms), min-max 
Zro 


0.54 nom 





REIS$+5xt10% 
52+4258 
15453 ref 
124544 











180-250 


Impedance angle (degrees), min-max 
zro 
Zss 

Zso 

2rs 

















22.0-28.0 22.0-28.0 


Transformation ratio, + 2% 





Phase shift, lead (degrees) , varies 





Electrical error (minutes), max 





Receiver error (minutes), max 





Null voltage (mV), max 
Total 
Fundamental 


















Friction torque (oz-in) @ 25°C,max 
@ ~55°C and 125°C 


0.07 









Torque gradient (oz-in), min 0.0080 


Temperature rise (degrees C), max 








Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (-5%), (watts), max 












Radial Play (inches), max 
End Play (inches), varies 
DC resistance (ohms), reference 


Rotor 
Stator 
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20708/49 20708/67 | 20708/143 
23TOR4B 31TOR6B 26V-O8TDX4A 
78 


Primary voltage (V), + 1% 
Primary current (mA), maximum 
Primary power (watts), maximm 
paras (ohms), min-max 


2844116 
47+513 ref 


Transformation ratio, + 2% 
Phase shift, lead (degrees) , varies]: 
Electrical error (minutes), max 
Receiver error (minutes), max 
Null voltage (mV), max 

Total 

Fundamental 


Friction torque (oz-in) @ 25°C,max 
@ -55°C and 125°C 


Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 
30° + 2° 
177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (45%), (watts), max 


Radial Play (inches), max 

Era Play (inches), varies 

DC resistance (ohms), reference 
Rotor 
Stator 
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MIL-HDEK-225A 


TABLE XXVIII. MIL-S-20708 non-QPL synchros - 


e700) 7 aucn zor0n/76 
TYPE DESIGNATION STDX4C 8TDX4C TTDX6A 


Primary voltage (V), + 









Primary current (mA), maximum 

Primary power (watts), maximum 

Impedance (ohms), min-max 
zro 


178-266 
26.0-38.0 












375-525 
113-138 


83.0-87.0 
47.0-56.0 












80.0-84.0 
27.0-33.0 
















t 2% 1.154 





1.154 





Transformation ratio, 
Phase shift, lead (degrees) , varies 
Electrical error (miutes), max 
Receiver error (minutes), max 
Null voltage (mV), max 

Total 
Fundamental 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 


30° + 2° 
177° + 2° 










Variation of voltage (+ 10%) and 
Frequency (15%), (watts), max 


Radial Play (inches), max 






0.0006 






End Play (inches), varies 0.0010 


+0.0005 
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MIL-HDBK-225A 
TABLE XXVIII. MIL-S-20708 non-OPL synchros - Contimed. 


eee oS rid 
TYPE DESIGNATION & TOLERANCE 


Primary voltage (Vv), + 
Primary current (mA), maximm 
Primary power (watts), maximm 
Impedance (ohms), min-max 

2ro 


33.0-46.0 : - | 66.0-70.0 


Transformation ratio, + 2% 
Phase shift, lead (degrees) ,varies 
Electrical error (minutes), max 
Receiver error (minutes), max 
Null voltage (mV), max 

Total 

Pundamental 
Friction torque (oz-in), max 
Torque gradient (oz-in), min 
Temperature rise (degrees C), max 
Synchronizing time (seconds), max 

30° + 2° 

177° + 2° 


Variation of voltage (+ 10%) and 
Frequency (£5%), (watts), max 


Radial Play (inches), max 


End Play (inches), varies 


DC resistance (ohms), reference 
Rotor 


Stator 
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MIL-HDBK-225A 


TABLE XXIX. Pr of MII-S-2335. 





TYPE DESIGNATION 


Primary voltage (nominal) 


Energizing Current (mA) (max) 


Energizing Power (watts) (max) 


No Load Temp. Rise (°C) (max) 


Electrical Error (minutes) (max) 
Static Accuracy 


Torque Gradient (oz~in/deg) (min) 


Rotor Dc Resistance (ohms) 
(approx) 


Stator DC Resistance (ohms) 
(approx) 


Secondary Load Current (mA) 
(max) 


Synchronizing Time (sec) 
34° (approx) 


Synchronizing Time (sec) 
179° (approx) 
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MIL-HDBK~225A 


Primary voltage (nominal) 


Energizing Current (mA) 
(max) 


Energizing Power (watts) 


No Load Temp. Rise (°C) 
(max) 


Electrical Error (minutes) 
(max) 

(min) 

Rotor DC Resistance (ohms) 
(approx) 


Stator DC Resistance (ohms) 
(approx) 


Drives with Normal Accuracy 


Secondary Load Current (mA) 
(max) 


Synchronizing Time (sec) 
34° (approx) 


Synchronizing Time (sec) 
179° (approx) 
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MIL-HDBK-225A 


TABLE XXIX. e-standard of MII-S-2335 - Continued. 





TYPE DESIGATION 


Primary voltage (nominal) 


Energizing Current (mA) (max) 
Energizing Power (watts) (max) 


Peak (min) 
Voltage limits (max) 


No Load Temp. Rise (°C) (max) 
Electrical Error (minutes) (max) 
Friction Torque (oz-in/deg) (min) 
Rotor DC Resistance (ohms) (approx) 
Stator DC Resistance (ohms) (approx) 


Voltage Gradient (volts/degree) 
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MIL-HDBK~225A 


TABLE XXX. General trouble symptoms. 
NOTE: ro ee Tin TX slowly in ane 


Overhead Indicator lights 

Units nm at all TX settings 

One unit overheats 

TR follows smoothly, but reads wrong 


Overhead Indicater lights 

Units hum at all except two opposite 
TX settings 

Both units overheat 


TR stays on one reading half the time, then 
swings abruptly to the opposite one. TR 
may oscillate or spin. 


Overhead Indicater lights 

Units hum an two opposite TX settings 

Both units get warm 

TR turns smoothly in one direction, then 
reverses 
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MIL-HDBK-225A 


TABLE XXXI. Qpen or shorted rotor. 
NOTE: set TX to 0° and turn rotor smoothly counterclockwise. 


TR turns counterclockwise fram a ae TX rotor open 
er erratic manner, and gets hot : 


TR turns counterclockwise fram 0° or 180° in a jerky 
or erratic manner, and TX gets hot 


TR turns counterclockwise fram 90° or 270°, torque is 
about normal, motor gets hot, and TX fuses blow 


TR turns counterclockwise from 90° or 270°, torque is 
about normal, TX gets hot, and TR fuses blow i 
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80°, or between 160° and 260° 


When TX is an 60° or 240° 
but 
When TX is between 280° and Overload Indicator lights, 
20°, or between 100° and 200°] units get hot and hum, and 


TR stays on 60° or 240° or 
may swing suddenly fran 
cone point to the other 


When TX is on 0° or 180° 
but and TR reads correctly 
When TX is between 40° and Overload Indicator lights, 
140° or between 220° and 320° units get hot and hum, and 
TR stays on 0° or 180°, or 
may Swing suddenly fron 
one point to the other 


Overload Indicator on 
continuously, both units 
get very hot and hun, and 
TR does not follow at all 
or spins 
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MIL-HDBK-225A 


TABLE XXXIII. Open stator. 


ee 


When TX is on 150° or 330° 
and 
When TX is held an 0° 














$1 stater circuit 
open 


S2 stator circuit 
open 

‘|S3 stator circuit 
open 


Two or three stator 
leads open with 
both rotor 
circuits open 


TR reverses or stalls and 
load Indicator lights 
TR moves between 300° and 
0° in a jerky or erratic 

manner 























When TX is on 90° or 270° 
and 
When TX is held an 0° 





TR reverses or stalls and 
Overload Indicator lights 

TR moves to 0° or 180°, 
with fairly normal torque 

















TR reverses or stalls and 
Overload Indicator lights 

TR moves between 0° and 60° 
in a jerky or erratic 
manner 





When TX is on 30° or 210° 
ard 





When TX is held on 0° 


When TX is set at 0°, and 
then moved smoothly 
counterclockwise 


TR does not follow, no 
Overload Indication, no 
hum or overheating 
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TR indication is wrong, Sl and S2 stator 
Clockwise from 240° cannections are 
reversed 


TR indication is wrong, S2 and S3 stator 
Clockwise from 120° connections are 
reversed 


TR indication is wrong, 
clockwise from 0° 


TR indication is wrang, turns| $1 is connected to 
counterclockwise from 120° S2, $2 is connected 

to S3, and $3 is 

connected to S1 


TR indication is wrong, 
counterclockwise fran 
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MIL-HDBK-225A 


TABLE XXXV. Wrong stator and/or reversed rotor connections. 














TR indication is wrong, 
counterclockwise fram 


Stator connections 
Sl and S2 are 
reversed, and 
rotor connections 

are reversed 




















TR indication is wrong, 
clockwise from 60° 





TR indication is wrong, 
clockwise from 300° 





TR indication is wrong, turns 
clockwise fram 180° 


Stator connections 
Si and S3 are- 
reversed, and 
rotor connections 

are reversed 










TR indication is wrong, turns 
counterclockwise from 300° 






Si is connected to 
$2, S2 is connected) ~ 
to S1, $3 is con- 
nected to Sl, and 
rotor connections 

are reversed 











TR indication is wrong, turns 
counterclockwise from 60° 


S1 is corinected to 
$3, S2 is connected 
to S1, S3 is con- 
nected to S2, and 

roter connections 

are reversed 
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MIL-HDBK-225A 


Diameter of mounting 
Face-shaft end 
Outside flange dia. 
Qutside shell dia. 


Shaft diameter and 
description 


Overall length to 
end of shaft 


End of shaft to 
first flange 


Width of flange 


Rotation for 1-2-3 
connection, shaft 
end 


*The 15-030 is labeled type A SR (Transmitter) or type M SR (Receiver). (The 
"SR" stands for "Special Replacement".) It is essentially a type 15-021 
unit with a small shaft and a shim fitted between flanges to make it a 
suitable replacement for the older type Henschel units (15-001, 15-002, 
15-014, and 15-015). 





Henschel 15-011 units are found on many vessels and are somewhat shorter 
than the 15-030 units, distances between mounting flanges being 1.750 inches 
and 2.060 inches; however, a complete 15-030 unit can always be used to 
replace a complete 15-011 unit. Spare part items for special replacement 
units will be the same as for current type A and type M units and will not be 
interchangeable with spare parts originally furnished. 
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MIL-HDBK~225A 


TABLE XXXVII. Size 1 transmitters. 


OF ee 
Pea BENDIX ase TYPE 
CAL-4400-1* oe 


1.0625 
1.250 












Diameter of mounting: 
Face-shaft end 
Outside flange dia. 
Outside shel] dia. 














Overall length to end 
of shaft 


End of shaft to first 
flange 





Rotation for 1-2-3 
connection shaft end 


*The Bendix CAL-4400-1 is identical, except for shaft size, with a type 1F 
synchro. When used with a type A or B transmitter, Si and S3 must be 
reversed for normal rotation. 
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TABLE XXXVIII. Size 6 transmitters. 


REQUIREMENTS 
OF BUSHIPS BENDIX 
SPECIFICATIONS| CAL-3482 


Diameter of mounting: 
Face-shaft end 
Outside flange dia. 
Qutside shell dia. 


5/16 x 0.0937 
x 3/32 


7.220 


End of shaft to first 
flange 2.220 


Width of flange 0.250 


2.500 


Rotation for 1-2-3 
connection shaft end 





*will handle up to 18 Type M 1C Receivers without overload. 
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s1 Ri si 
R1 
$2 R2 $2 
R2 
$3 R3 S3 
TRANSMITTERS, RECEIVERS DIFFERENTIALS 
CONTROL TRANSFORMERS 
FIGURE 1. Schematic 1s used to show external connections. 
$2 
$2 : 
a 
R2 
RI ag 
R2 R3 
S3 , 1 
$s s1 
CONTROL TRANSFORMERS, DIFFERENTIALS 
TRANSMITTERS AND 
RECEIVERS 
FIGURE 2. Schematic jis for relative itions of windings. 
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FIGURE 4. Simple control _systen. 
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7 ACTS UKE 
tN aN my iON 
“yy ARK IME 
‘y \ is \ 
4) / \\\ i ul 
jl WA “ }! 

Qo! 
7 Ny 


Aec® Le cla os ce Os 
FSET OEE: 


FIGURE 9. Molecular arrangement. 


FIGURE 10. Magnetic field around conductor. 
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FIGURE 11. Ma ic field around coil. 





(A) ELECTROMAGNET 
NOT 
ENERGIZED 
BAR MAGNET 
UNAFFECTED SEG 


(B) ELECTROMAGNET 
ENERGIZED-BAR 
ET ASSUMES 


MAGN 
POSITION SHOWN 


s 
= 8 
{C) ELECTROMAGNET 
POLARITY CHANGE 
_. CAUSES BAR MAGNET 








> POSITION TO CHANGE 





FIGURE 12. Positioni bar_mat with one electromagnet. 
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FIGURE 13. 


FIGURE 14. Positioni 
Strength. 
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(A) TOP ELECTROMAGNET 
WAS FULL EFFI 


POLARITY OF 


itio 





| 
i 
(D) SIDE ELECTROMAGNET % | 


SIDE ELECTROMACNE? 
HAS GREATEST EFFECT 
ON POSITION OF BAR 
WAGNET 
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FIGURE 16. +t with three ell ts. 








180° 


with three electromagnets applyi 





FIGURE 17. Positioni bar_ma 
vol petween one coil and the other two. 
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= 
: 
t (A) WAGKETC FIELDS (8) YAGNETIC FIELDS 
QURING FIRST OURING SECOND 
MALF~CYCLE HALF =CYCLE 





t 3 sz 
(C) MAGNE TC FIELDS (D) LOWER ELECTROMAGNET 
QuStinG wHtn Con 1S FREE TO TURN AND 
$ — CONNECTIONS ARE Whe POSITION os 
REVERSED VISELF SO THat 


MAGNETIC FIELDS tt 


«| el t COW SAME DIRECTION “AC 
, NS 
FIGURE 20. Electromagnet replaces bar magnet. 
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6 
£ 
VOLTAGE FROM 
+ pee Se 
VOLTAGE FROM aTo® 


OUT OF PHAS! 
WITH WOLTAGE FROM A TO o 


FIGURE 21. Phase relationships. 


PRIMARY. SECONDARY 


7 

7 7N 

f S —-SA 
yoN NY 
sly 
\ 1) inouceo 
| VOLTAGE 
7 /B 








FIGURE 23. Transformation ratio. 
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(A) COILS ALIGNED 
OAAXIMUM COUPLING) 


(C) COILS AT RIGHT ANGLES 
OAINIMUM COUPLING) 


¢ == i¢ 
qT] T 
HO oO 
= LJ PRIMARY COIL DISPLACEMENT 
(D) AND (©) FLUX LINKAGES REVERSED (P) INDUCED VOLTAGE VS, DISPLACEMENT 
FIGURE 24. wi e pri 7 





THREE 
PRIMARY 3 SECONDARIES 


FIGURE 25. 





Downloaded from http://www.everyspec.com 


MIL-HDBK-225A 





FIGURE 26. Qutaway view of typical synchros. 
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ONE CYCLE 


APPLIED VOLTAGE (R2 TO R1) 
: 


FIGURE 28. tic 


WINDINGS 
SUP RINGS 


LAMINATIONS 


FIGURE 29. Drom or wound rotor. 
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WINDINGS 






LAMINATION SLOTS: 
Al EWEO. 
iN STATOR SHOWN 


FIGURE 30. Typical stator. 


SLOTS IN LAMINATIONS, 


FIGURE 31. Stator lamination. 


TERMINAL 
BOARD 


SALIENT POLE ROTOR 


FIGURE 32. ‘tom view of t or receiver. 
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on. 


FIGURE 33. 
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TERMINAL. TO- TERMINAL VOLTAGE 
~ 
= ° 


= 26-VOUT UNITS 
be 


g SvoLr UNITS 








a 


FIGURE 34. 


XTRA 
TDA LD 







Terminal-to-terminal voltages. 
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BALL ALARINGS STATOR LAMINATIONS 


DRUM ROTOR WITH 
SKEWLD LAMINATIONS 


FIGURE 35. Quta view o i i ial. 


$Tatoe 
WINDING 





FIGURE 36. view © 
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STATOR DRIVE 
GEAR 






STATOR SLIP RINGS 


ROTOR SLIP RINGS 


FIGURE 37. Control transformer with rotatable stator. 





Ts600Z X}IN« 6 O2 IN 


7 
[6.0 02 


Ts 6002 X 21N= 12 O2 IN 


CENTER OF 
ROTATION 


=|“ OF ACTION 


FIGURE 38. Calculated e. 
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QUPLICATE. 
Sexi Onn UNDER FBT 





O12 345 67 8 8M ih i 





Re TRYNIT ADIENT 


FIGURE 40. j e gradient. 
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CT ROTOR POSITION 


IN PHASE WITH 
Ri TO R2 
VOLTAGE OF CX 


OUT OF PHASE 
WITH Ri TO R2 
VOLTAGE OF Cx 


IN PHASE WITH 
Rl TO R2 
VOLTAGE OF CX 


FIGURE 41. Contro) transformer gutput voltage. 


EFFECTIVE 


CURRENT = ! AMP 









FIGURE 42. Current effect drawn by coil. 
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acTuaL 

CURRENT 
MAGNE TIZING 
CURRENT 





Loss 
CURRENT 


FIGURE 43. 


TOTAL CURRENT | AMP 









Loss MAGNE TIZING 
CURRENT CURRENT 
0.1 AMP 0.99 AMP 





COIL EQUIVALENT CIRCUIT 


Coil currents. 





POWER FACTOR « a 100% 


WHERE: w tS THE ACTUAL POWER 
MEASURED BY THE WATTMETER 
V IS THE INDICATED VOLTAGE 
& 1S THE INDICATED CURRENT 


IN THE ILLUSTRATION, 
POWER FACTOR: 


FIGURE 44. 





' 
100:0.02 


¥ 100% * 50% 


Power factor. 
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TOTAL coil TOTAL 
CURRENT CURRENT CURRENT 
0.1 AMP 1 AMP 0.1 AMP MAGNETIZING AND 


CAPACITOR CURRENTS 
EACH 0.99 AMP 










CAPACITOR —— LOSS 
—— CURRENT 


0.1 AMP 





0.99 AMP 





= LAGS 90° 

2? 
ZS lo. 360° 
we 0 = 
zs 180° ~ 

: oo _ <.¢ 

Boe 360° z of . 180° 360° 
—_=« 
0° LEADS 90° we foe 

x,t a2 
oF ovr. 
© + 
ge ° 
a 360° 
< 2 
ov- 

FIGURE 45. Effect of capacitor on coil currents. 

$2 
COMMON 
CONNECTION 
53 SI 
FIGURE 46. Contro) transformer stator windings. 






AC SUPPLY 


FIGURE 47. Control Cx-CT) . 
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s2 
COMMON 
CONNECTION 
$3 si 
FIGURE 48. Con tr windi wi ci 
J\ 
3 io 
FIGURE 49. ta Ci . 
CAPACITOR 
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LOSS AND MAGNETIZATION CURRENT FOR DIFFERENTIAL 
MUST COME THROUGH TRANSMITTER AND RECEIVER 


FIGURE 51. TX-IDX-TR system without capacitor. 








62 AMP (4) CAPACITOR 


CAPACITOR CANCELS MAGNETIZATION CURRENT OF DIFFERENTIAL 


FIGURE 52. TX-TDX-TR with ‘oO capacitor. 





TRANSMITTER SUPPLIES EXCITATION 
CURRENTS FOR BOTH UNITS 


FIGURE 53. TX~TDX-CT. without. capacitor. 
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CAPACITOR MOUNTED CAPACITOR MOUNTED 
CLOSE TO TOx CLOSE 10 CT 


065 amp 








AC SUFPLY (Ge) 


LOW CURRENT IN 





= 3 Pp HIGH CURRENT IN 
Tmt LONG WRES Goes. SHORT CONNECTIONS 
NEAR TDx DOES NO HAR 
-— LONG RUN a 
SI -— 
CAPACITOR 
ouutee HiG= CURRENT IN LONG WRES 
NEAR Ix REDUCES ACCURACY, INCREASES 
LOAD ON TRANSMITTER 
FIGURE 55. ion o 





EACH UNIT 
SUPPLIES A 
LOSS AND 
MAGNETIZATION 
CURRENT 
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ROTOR 
CURRENT 6 AMP 


C 213.6 MFO 
+ (DRAWS .59 AMP 
FROM H#5¥ 60 ~ LINE) 


CAPACITOR 
CURRENT .59 AMP. 


LINE 
CURRENT 06 AMP 


AC SUPPLY 


FIGURE 57. TX-TR system with © capacitor across rotor leads. 





CURRENT VALUES GIVEN IN 


STANDARD 
CONNECTION TABLE MEASURED AS SHOWN 
To s2 
90 v MAX 
BETWEEN 7eVv 
TERMINALS 60~ 
TOSS TO SI Ac 
FIGURE 58. Connections and current values of citors in Table Iv. 
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TORQUE 
SYSTEM 
a 







TOROVE 
SYSTEM 
8 


TORGUE 
SYSTEM. 
¢ 





* (LOAD 1) 


FIGURE 59, desi ti rstems. 
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CONTROL SYSTEM A 
: Ret 


CONTROL SYSTEM 6 


CONTROL SYSTEM C 





Set tor LOAD} 


FIGURE 60. stem designation key for control tems. 










AC 
EXCITATION R2 
SOURCE o 


FIGURE 61. External connections of a transmitter-receiver system. 
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0.75 AMP. 


FIGURE 65. 1 conditi i with otor at 120° 
and TR rotor at 60°. 








FIGURE 66. tic polarities at a icular instant with TX rotor 
at 120° 60°. ‘ 
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FIGURE 67. ect of i io} TX and 


AMPERES 





° 30° 60° 90° 120° 180° 80° 
DIFFERENCE BETWEEN TX AND TR SHAFT POSITIONS 


FIGURE 68. ect oO iti i i sta tc. 
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CURRENT IN S1 LEAD 
(0 OF MAX) 


CURRENT IN S2 LEAD 
(& OF MAX) 





CURRENT IN S3 LEAD 
(% OF MAX) 





TES, 

ALL CURRENTS ARE RMS VALUE 

CURRENTS SHOWN ABOVE THE O LINE ARE IN PHASE 
WITH SI CURRENT AT O° 

URRENTS SHOWN BELOW THE © LINE ARE, 180° OUT 
‘OF PHASE WITH S! CURRENT AT O° 


FIGURE 69. Effect of actual rotor position on ind. ividual stator current. 
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FIGURE 71. 





1.5 AMPS 
ti 
are 180° apart. 
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FIGURE 72. ic arities at icular_ instant when TX and TR 








FIGURE 73. Position of TDX stator field when TX ris at 0°. 





ROTOR FIELO- SOLID ARROW 





STATOR FIELDS: OPEN ARROW 


FIGURE 74. 
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INPUT 75° INPUT 30° output 45° 
XN 





FIGURE 75. Subtraction with Tpx. 


\} stator FIELO => > 
@ ROTOR FIELO ad 2 
Os Os 





' ‘ 1 
Tx ROTOR Tox ror ' 
TURNED 75: ono Tana oe 
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qT IT 
Tx ROTOR OR ROTOR ' TR ROTOR TURNS! 
AT 755 TO 45° 









4.9 


s3 


si 


FIGURE 78. fect _of turning TDX ri -TDX-TR connected 
for subtraction. 
TOS 
TK ROTOR | TOX ROTOR | Tost I 


AT 75° 





FIGURE 79. Effect of turning TDX rotor clockwise in a TX-TDX-TR s' stem 
connected for subtraction. 


Se SE EEE ee 





INPUT INPUT 
ww 





FIGURE 80. Addition with TDX. 
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TOR ROTOR 
| TURNS TO 45°| ON 30 | 





FIGURE 84. Effect of turning both TX rotors in TX~TDR-TX system connected 
for subtraction. 








FIGURE 85. Addition with TOR. 





FIGURE 86. Effect of turni rs in TX-TDR-TK system connected 
for addition. 
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CONNECTIONS OPERATION 





FIGURE 87. i i tia 








FIGURE 88. Conditions i wi i lence. 
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Size 18 Size 16 Size 15 Size 11 Size 08 





Size 37 Size 31 Size 23 Size 19 


FIGURE 92. sizes; i ize. 
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Size 7 





FIGURE 93. Pre-standard © Sizes; approximately one-half 
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2 


be CAPTIVE SCREW 


LOCK WASHER 


CLAMP 





FIGURE 94. ti c = 7 2). 





foe FOR SIZE 18 FOR SIZE 18 FOR SIZE FOR SI FOR SIZE 18 
9 ues AND 16 UNITS AND 19 UNITS Ml Ree : 





FIGURE 95. Clamping discs - MS90400. FIGURE 96. jes = . 








ZEROING RINGS SHOWN ARE (FROM 
Foe sites 1h AND 
Tet 18 AND 1, 23, 31. 4NO 97 UNITS 


z 


FOR SHAFTS FOR SHAFT: R 
WITH 65.44 we anti 0-58 tree 


Xe at ae 
ea 


omen ences ae 


valuta lalla eittet deity 


FIGURE 97. = . FIGURE 98. Shaft nuts - MS17187. 
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INTERNAL TABS WHICH ARE TAPERED 
‘SPLINE cee HOLD SHAFT DRIVE O0GS 


oHos 


er a 


FIGURE 99. Drive washers - MS17186. 


NN 


tt atte 


FIGURE 100. Straight pinion wrench - FIGURE 101. 
MS90393. 





90-degree pinion wrench - 
MS90394. 





7 YS 
~ 
zEz8 


f 


ee 
PLINED 


tle ladle eat a 


FIGURE 102. Socket wrench assemblies - MS90395. 
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i *uelau? 
tal CLAMPING DISC 
$4.40 MACHINE SCREWS AND ASSEMBLY 
LOCK WASHER 


FIGURE 103. Mounting a synchro using a FIGURE 104. 





MOUNTING CLAMP ASSEMBLY (3 REQO) 


FIGURE 105. 





shaft end). 
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TE: HOLE FOR PINION fon 
ee WRENCH NOT SHOWN HOLES yapree £0 






MOUNTING CLAMP 
ASSEMBLY (3 REQD) 





MOUNTING CLAMP 
ASSEMBLY (3 REQO) 





ADAPTER ASSEMBLY 
PANEL O! 


R 
CHASSIS 






HOLES TAPPED 
FANELOP FOR a4. SCREWS 
FIGURE 106. Mounting a synchro using an FIGURE 107. Mounti a ‘oO usi 
adapter assembly (from the three mounting clamp _ 
assemblies. 





termina] board end). 







SYNCHRO IS SECURED TO. 
PANEL OR CHASSIS BY USE 
OF THREE MOUNTING CLAMP 
ASSEMBLIES (NOT SHOWN) 


a 
ais 

px». 

NN 









TONGUE ON 
ZEROING RING. 
FITS INTO SLOT AND 
PREVENTS RING FROM 
TURNING 


ED SECTOR ENGAGED 
BY PINION WRENCH 


TONGUE (HIDDEN) PREVENTS 
RING FROM TURNING 
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MOLE IN PANEL CUT 
TO ACCOMMODATE FLANGE 


AND WASHERS, 
Seb fo secune UNIT 


MOUNTING MOLES ON my 
SHOULDER (SEE FIGURE Til) 


HOLES IN THIS SHOULDER 
May BE USED FOR MOUNTING 
iw SPIDER OR DIAL INDEX 
ae I —_— 

- 


E 
t : 


HOLE FOR MOUNTING 
DIAL INDEX OR 
SPIDER 





FIGURE 110. N pozz ted. FIGURE 111. view _o 
Synchro. ; 
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INSERT DRIVE DOGS IN MOLES: 





FIGURE 113. Mounting a gear on a standard loded view) . 
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OR sues is ee . 
19-D.3dor |” 
FOR sizts 23,3 


31. 37-0,350 






i 8-27 HE hood EN EXTENSION 
SS 
————— 





HOLE SIZE AND LOCATION DATA ALSO APPLIES TO GEARS 


FIGURE 115. ti 
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HOLD HANDLE 
KEEP SHAFT FROM TURNING 
Gear PINNED TO 
EO WASHER TO 
INNER PART OF event TURNING 
WRENCH Firs 
OVER NUT 


LUGS ON OUTER =: 
PART OF WRENCH MOUNTING A GEAR 
MOUNTING A DIAL ENGAGE. S sgrTeo 


HOLE nM WASHER 





DIAL WRENCH, (SE MKS 
PREVENT SOARING 





FIGURE 117. Mounti or dials on 


188 


Downloaded from http://www.everyspec.com 


MIL-HDBK-225A 


g G ga 0 maint screws 


“2 


INNER DIAL 


4-40 MACHINE SCREWS 


OUTER DIAL 





i 
EX NUT (SUPPLIED ‘ 
WITH unit) el gs ' : 
t ' 
i i 
i ‘ 
‘ ' WASHER (SUPPLIED 
(Cyt UN 
“ t 
' 


HUB FOR DIAL SoS : 
SPIDER CLAMP 


SPIDER 






RETAINING RING (SUPPLIED 
WITH SYNCHRO) 


TYPE 28 DOUBLE 
RECEIVER 


FIGURE 118. ing di e 
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SPEEDOMETER 


AC SUPPLY 





WHEN CAR GOES FASTER, TRANSMITTER TRANSMITS 
AN INCREASING READING TO RECEIVER ~ 


FIGURE 119. le © 


SINGLE LETTER 
DOUBLE LETTER 
Low NUMBER 
MIDDLE NUMBER 
HIGH NUMBER 









BB 
8 

B2 
83 


SHAFT VIEW 
STANDARO BUS IS 
NUMBERED SO SYNCHRO 
RECEIVER WILL TURN 
LIKE THIS WHEN 
CONNECTED AS SHOWN 


SHAFT TURNS 
COUNTERCLOCKWISE 
FOR AN INCREASING 
READING 


FIGURE 120. Standard wire designations. 





COMMON 
ROTOR LINE 


ONE SPEEO 
STATOR LINE 


36 SPEED 
STATOR LINE 


THIS SHAFT 
TURNS 36 
REVOLUTIONS 
FOR EACH 
REVOLUTION 
OnwE-SPEED 36-SPEEO OF THE OTHER 
RECEIVER RECEIVER 





FIGURE 121. Connections ona ical 
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B20 
B30 


8 o 

680 

er 
yen C) 
B30 

8 0 


6B 0 
BIO 


=o 


8 o 
BBO 


=O 


EFFECTIVE 


EFFECTIVE 


EFFECTIVE 
VOLTAGE 
83-8! 
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VOLTAGE FROM 6 TO BB IS 
CONSTANT AT 115 VOLTS 






Lt 
Hb rast- trot se 


| | oT | 180° 270° NJ 360° 
ere 








“ELECT POSITION” SENT OVER WIRES 


NOTE: BLL VOLTAGES ARE 60 CYCLES AC EFFECTIVE VALUE 
INDICATES THAT VOLTAGE IS IN PHASE WITH 8-88 
$ INDICATES THAT VOLTAGE 1S 180° OUT WITH 8-88 


FIGURE 122. Standard voltages. 


1 mmbers and letters used on a particular system may not agree 
oe he In any case, B represents the single-lettered bus, 
BB the double-lettered bus, Bl the low-mmbered bus, and s0 on. 


with those used here. 
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= ac : 
SUPPLY BB 
WITH THESE CONNECTIONS R2 RI 

TURNING SHAFT COUNTER -CLOCKWISE si BI 

TRANSMITS AW INCREASING READING 
s2 B2 
$3 B3 

ac 

SUPPLY 


WITH THESE CONNECTIONS 


TURNING SHAFT CLOCKWISE 
TRANSMITS AN INCREASING READING 





FIGURE 123._ Standard transmitter connections. 





8 
68 

R2 RI WITH THESE CONNECTIONS 
BI $! SHAFT TURNS COUNTER-CLOCKWISE 
a2 $2 WHEN RECEIVING AN INCREASING READING 
a3 53 


WITH THESE CONNECTIONS 
SHAFT TURNS CLOCKWISE 
WHEN RECEIVING AN INCREASING READING 





FIGURE 124. Standard receiver connections. 
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68 pp 

















FROM” ey ni To 
™ aI eu TR 
$2 ® 
B2 2 B12 
$3 R 
a3 : B13 
TOx 
e 8 
Be oe 
FROM TO 
™ at en TR 
B2 Bi2 
83 ais 
FIGURE 125. Cc i i j i 2 
8 IE 6 
ry St Ri Bu 
82 7 Re Bi2- 
——> 353 53 => a3 <+—— 
INCRE ASING INCREASING 
aEapine C) TOR e READING 
FROM HERE FROM HERE 
8 : 8 
ee 8B 
Bi 
2 
—_—» B65 
NCREASIN TOR INCREASING 
neon C) READING 
FROM HERE FROM HERE 
FIGURE 126. co i i ia ivers. 
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ee 


8 ———eeeeeFSFSS—... 


1 
BI : RI 
ae $2 ouTPUT 
3 R2 VOLTAGE 
B3 5 
ct 
8 
ee 
81 
ouTPUT 
Be VOLTAGE 
BS 





FIGURE 127. Standard_connections for control transformers. 





SERVO 
AMPLIFIER AMPLIFIER 





B 8B 
AC SUPPLY : AC SUPPLY 


FIGURE 128. Standard connections for control transformers to servo amplifier. 
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ac 
SUPPLY 
CaPAaCcITOR 
FOR CT 
ac 
SUPPLY 





CAPACITOR 
FOR DIFF 





CAPACITOR CaPaciToR 
FOR DIFF FOR CT 


FIGURE 129. i capaci - 





OUTPUT TERMINALS {TO SERVO MOTOR) 












oc Ac 
¢ 
eu SERVO —_—o IF PHASE - SHIF TING 
ouTpas AMPLIFIER AMPLIFIER 1S USED, 
yeAwina (CONDITIONS FOR OR VOLTAGE FROM C TO 
iFRoM ct} AN INCREASING CC LAGS VOLTAGE 
READING) ——0." FROM B TO BB BY 90° 
aa cc cc 
AC SUPPLY TERMINALS 
FIGURE 130. Standard connections for servo amplifiers. 
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SERVO SERVO 
MOTOR MOTOR 
FIGURE 131. connections for shunt field DC_servomotor. 








lit series field, commutator 





FIGURE 132. connections for 
AC or DC servomotor. 
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TwO FIELO INOUCTION TYPE AC SERVO MOTOR WITH CAPACITOR 
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AMPL AMPL 
O 


AC. SUPPLY AC SUPPLY 














SERVO 
AMPL 





AC SUPPLY 





FIGURE 133. co ions two- 


MAKE CONNECTIONS ACCORDING 10 


£ $6 Papa 96 aNd 99 Para 910 Pata 912 
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Bi Bu 
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Bi2@ Bi2 se 
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B13 13S 





x Bus TDs Bus cv SERVO StRvO- 
qIF USED? AMPLIFIER MOTOR 
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FIGURE 135. 


ARROW STAMPED ON FRAME 






FIGURE 136. Coarse electrical zero mar] ings on units. 
0-250 VOLT RANGE 
5 VOLT 
st ance 


(B) FINE SETTING 


(A) COARSE SETTING 


FIGURE 137. Zeroing a r i vo. 


ter. 
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FIGURE 138. i usi 





(v) 0-250 VOLT RANGE 





(B) FINE SETTING 


+ (A) COARSE SETTING 


FIGURE 139. i wi 










78 V (OR 10.2 Vv) a2 


FIGURE 140. 
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0-250 VOLT RANGE 





(B) FINE SETTING 


{A) COARSE SETTING 


FIGURE 141. Zeroi a differenti it usi a voltmeter. 


115 OR 26V 





JUMPER A JUMPER B 


FIGURE 142. Zeroi TDX using a TX and TR. 













78v 


0-250 VOLT RANGE (OR 10.2V) 


{OR 10.2V) 


(B) FINE SETTING 


(A) COARSE SETTING 


FIGURE 143. ing_a TDR with f rotor. 





Downloaded from http://www.everyspec.com 


MIL-HDBK-225A 


. 115 ¥ (OR 26 +) 


FIGURE 144. 


(B) PINE SETTING 





A) COARSE SETTING 


FIGURE 145. i i ra 
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(B) OVERLOAD INDICATOR ADOED 


FIGURE 146. i i 
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DIFFERENCE IN SHAFT POSITION 


FIGURE 147. Determining when overload indicator will light. 


P 
ur NEON LAM 


FUSE 





FIGURE 148. Simple blown fuse indi icator. 





FIGURE 149. Blown fuse indicator ir only one_lamp. 
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AC SUPPLY 


FIGURE 150. 1 use lights @_ indi j 


SYNCHROS ACT LIKE TRANSFORMERS coy 
TRYING TO FEED OTHER EQUIPMENT : 


ac 
supPy swi 7 Mal 


FIGURE 151. i i el_wi : 





$} 


}2—{ myLj iL) 


FIGURE 152. Vo e x 
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Calibrated Type 15TRX6A 
Receiver-Transmitter 


Dial 






FIGURE 153. 60-hertz o Tester Mk_33_ Mod 0. 





Calibrated 
Dial 


Knob for 
Setting Dial 


FIGURE 154. Close-up view of dial and index on 60-hertz Synchro Tester 
Mk_33 Mod 0. - 
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FIGURE 155. 


CALIBRATED 
DIAL 






RELEASE 
af BUT TON 


KNOB FOR 
SETTING OIAL 


FIGURE 156. Close-up view of dial on 400-hertz Synchro Tester Mk 30 
All Mods. 
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{C) TR #3 PASSES SYNCHRONOUS POSITION 


FIGURE 157. Switching oscillations. 
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Ss 
R2 
Ri 
i. 8&2 
SUPPLY 3 
3 RQ 
s2 
FIGURE 158. i j . 





(A) IC TRANSMITTER AND IC RECEIVER 


IN PARALLEL —SHAFTS ROTATE IN 
SAME DIRECTION 





ic 
TRANSMITTER 


ic 
RECEIVER 


(8) SYNCHRO TRANSMITTER AND iC 
Sarit adhe i iene 
OIRECTIONS 





*) tC TRANSMITTER AND IC RECEIVER 
en WITH R1 AND R3 LEADS INTERCHANGED 
SHAFT: ITE (ONS 


‘S ROTATE IN OPPOSITE DIRECT 





tc 
TRANSMITTER 
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ROTARY STEPPING 
SWITCH MOTOR 





OC SUPPLY 


FIGURE 162. Stepping motor system. 





FIGURE 163. Stepping motor. 
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(8) volTace APPLIED To 
TAGE APPLIED To NUMBER | aN, 
” roast 1 COILS ONLY 


NUMBER 2 COILS 








(©) voutace APPLIED To 
TAGE APPLIED To NUMBER 2 AND 
o nuMecs 2 COILS ONLY NUMBER 3 COILS 
(F) VOLTAGE APPLIED To 
TAGE APPLIED To NUMBER } AND 
© NUMBES 3 COILS ONLY 


NUMBER 3 Cons 


FIGURE 164, Stepping motor in various bositions, 


THE THREE RESISTORS 180 OHmS EACH) are 
SHORTED out AS SHOWN THE DOTTED LINE For 
20-VOLT OPERATION OF MOTOR 


(Ore 
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COUPLING 


FROW SYNCHRO 

ee - STEPPING TRANSMITTER to 
eer. wotor COMPASS 
counas REPC ATER 





(4) PHYSICAL ARRANGEMENT 


STEPPING SYNCHRO 
woTOR TRANSMITTER 
2 





3 
Re 


rooy 

over 
coveass —_—_——_e— 10 
S*Stty es: CONFESS 


RACPCATER 


(8) ELECTRICAL ARRANGEMENT 


FIGURE 166. Stepping motor to synchro converter. 





FIGURE 167. DC position indicator. 
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